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PREFACE 


The Department of Education in Science & Mathematics (DESM) & 
National Council of Educational Research & Training (NCERT) 
developed Exemplar Problems in Science and Mathematics for 
Secondary and Senior Secondary Classes with the objective to provide the 
students a large number of quality problems in various forms and format 
viz. Multiple Choice Questions, Short Answer Questions, Long Answer 
Questions etc., with varying levels of difficulty. 


NCERT Exemplar Problems are very important for both; School & Board 
Examinations as well as competitive examinations like Engineering & 
Medical Entrances. The questions given in exemplar book are mainly of 
higher difficulty order by practicing these problems, you will able to 
manage with the margin between a good score and a very good or an 
excellent score. 


Approx 2096 problems asked in any Board Examination or Entrance 
Examinations are of higher difficulty order, exemplar problems will make 
you ready to solve these difficult problems. 


This book NCERT Exemplar Problems-Solutions Physics XII contains 
Explanatory & Accurate Solutions to all the questions given in NCERT 
Exemplar Physics book. 


For the overall benefit of the students’ we have made unique this book in 

such a way that it presents not only hints and solutions but also detailed 

and authentic explanations. Through these detailed explanations, 

students can learn the concepts which will enhance their thinking and 

learning abilities. 

We have introduced some additional features with the solutions which 

are as follows 

e Thinking Process Along with the solutions to questions we have given 

9 thinking process that tell how to approach to solve a problem. Here, 
we have tried to cover all the loopholes which may lead to confusion. 
All formulae and hints are discussed in detail. 


* Note We have provided notes also to solutions in which special points 
are mentioned which are of great value for the students. 


For the completion of this book, I would like to thank Priyanshi Garg 
who helped me at project management level. 


With the hope that this book will be of great help to the students, 


] wish great success to my readers. 


Author 
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Electric Charges 
and Field 


Multiple Choice Questions (MCQs) 


Q. 1 In figure two positive charges q, and q; fixed along the y-axis, exert a net 
electric force in the + x-direction on a charge q, fixed along the x-axis. If 
a positive charge Q is added at (x, 0), the force on q, 


(i) (ii 


a qs 
a) shall increase along the positive xaxis 
b) shall decrease along the positive xaxis 
c) shall point along the negative xaxis 
d) shall increase but the direction changes because of the intersection of Q with q.; 
and q3 
K Thinking Process 
Find the nature of force between q,— q and q,— qs. Nature of force will give the type of 
charge q,. Find the nature of force between newly introduced charge and charge q,. 


Ans. (a) The net force ong, by q, andq, is along the + x-direction, so nature of force between 
Q4, Q5 and q4, 9; is attractive. This can be represent by the figure given below 


*Q, 


+93 


The attractive force between these charges states that q, is a negative charge (since, q, 
and q, are positive). 
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Thus, nature of force between q, and newly introduced charge Q (positive) is attractive 
and net force on q, by q5,q4 and Q are along the same direction as given in the 


diagram below 
tq, 
+Q 
<§ > s UN 
+9, 


The figure given above clearly shows that the force on q} shall increase along the 
positive x-axis due to the positive charge Q. 


Note Unlike charges repel each other and like charges attract each other. 


Q. 2 A point positive charge is brought near an isolated conducting sphere 
(figure). The electric field is best given by 


+q +q 
+q +q 


(q (b) (Q (d) 
K Thinking Process 


Bringing the point positive charge towards the conducting sphere, charges the sphere by 
induction process. Electric field lines passes through a charged body following some rules. 


Ans. (a) When a positive point charge is brought near an isolated conducting sphere without 
touching the sphere, then the free electrons in the sphere are attracted towards the 
positive charge. This leaves an excess of positive charge on the rear (right) surface of 
sphere. 


Both kinds of charges are bound in the metal sphere and cannot escape. They, 
therefore, reside on the surface. 


Thus, the left surface of sphere has an excess of negative charge and the right surface 
of sphere has an excess of positive charge as given in the figure below 
attracted negative 


An electric field lines start from positive charge and ends at negative charge (in this 
case from point positive charge to negative charge created inside the sphere). 


Also, electric field line emerges from a positive charge, in case of single charge and 
ends at infinity. 


Here, all these conditions are fulfilled in Fig. (a). 
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Q. 3 The electric flux through the surface 


Ans. (d) 


S 


s 
() (ii (iv) 


(ii) 
(a) in Fig. (iv) is the largest 
(b) in Fig. (iii) is the least 
(c) in Fig. (ii) is same as Fig. (iii) but is smaller than Fig. (iv) 
(d) 
Gauss’ law of electrostatics state that the total of the electric flux out of a closed 


surface is equal to the charge enclosed decided by the permittivity i.e., Q electric = =. 
e 
0 


is the same for all the figures 


Thus, electric flux through a surface doesn't depend on the shape, size or area of a 
surface but it depends on the number of charges enclosed by the surface. 

So, here in this question, all the figures same electric flux as all of them has single 
positive charge. 


Q. 4 Five charges q1, q>, q3, 94, and q; are fixed at their positions as shown in 


Figure, S is a Gaussian surface. The Gauss' law is given by | E.as - = 
S 
Which of the following statements is correct? 


0 


a) Eon the LHS of the above equation will have a contribution 
from q,, q; and q4, q; and q} while q on the RHS will have a eq ! 
contribution from q, and q; only 

b) E on the LHS of the above equation will have a contribution 
from all charges while q on the RHS will have a contribution eqs *q4 
from q, and q, only 


c) E on the LHS of the above equation will have a contribution 
from all charges while q on the RHS will have a contribution from q,,q3 and g; 


only 
d) Both E on the LHS and q on the RHS will have contributions from q, and q, only 
Ans. (b) According to Gauss’ law, the term q on the right side of the equation | Eds = 9. 
S £g 


includes the sum of all charges enclosed by the surface. 


The charges may be located anywhere inside the surface, if the surface is so chosen 
that there are some charges inside and some outside, the electric field on the left side 
of equation is due to all the charges, both inside and outside S. 


So, E on LHS of the above equation will have a contribution from all charges while q on 
the RHS will have a contribution from q, and q, only. 
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Q. 5 Figure shows electric field lines in which an electric dipole P is placed as 
shown. Which of the following statements is correct? 


(a) The dipole will not experience any force 

(b) The dipole will experience a force towards right 
(c) The dipole will experience a force towards left 
(d) The dipole will experience a force upwards 


K Thinking Process 
Find the electric field strength on the charges of dipole. 
Force varies directly with electric field strength i.e, higher the electric field strength greater 
the force and vice-versa. 


Ans. (c) The space between the electric field lines is increasing, here from left to right and its 
characteristics states that, strength of electric field decreases with the increase in the 
space between electric field lines. As a result force on charges also decreases from 
left to right. 

Thus, the force on charge -q is greater than force on charge + q in turn dipole will 
experience a force towards left. 


Q. 6 A point charge + q is placed at a distance d from an isolated conducting 
plane. The field at a point P on the other side of the plane is 

(a) directed perpendicular to the plane and away from the plane 
(b) directed perpendicular to the plane but towards the plane 
(c) directed radially away from the point charge 
(d) directed radially towards the point charge 

Ans. (a) When a point positive charge brought near an isolated conducting plane, some 
negative charge developes on the surface of the plane towards the charge and an 
equal positive charge developes on opposite side of the plane. This process is called 
charging by induction. 


Q. 7 A hemisphere is uniformely charged positively. The electric field at a point 
on a diameter away from the centre is directed 

(a) perpendicular to the diameter 

(b) parallel to the diameter 
(c) at an angle tilted towards the diameter 
(d) at an angle tilted away from the diameter 

Ans. (a) When the point is situated at a point on diameter away from the centre of hemisphere 
charged uniformly positively, the electric field is perpendicular to the diameter. The 
component of electric intensity parallel to the diameter cancel out. 
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Multiple Choice Questions (More Than One Options) 
Q. 8 If f, E.dS = 0 over a surface, then 


(a) the electric field inside the surface and on it is zero 
(b) the electric field inside the surface is necessarily uniform 


(c) the number of flux lines entering the surface must be equal to the number of 
flux lines leaving it 


(d) all charges must necessarily be outside the surface 


K Thinking Process 
Go through Gauss’ law in detail. 


Ans. (c, d) 


$ E.dS = 0 represents electric flux over the closed surface. 

S 

In general, $ E.dS means the algebraic sum of number of flux lines entering the surface and 
S 


number of flux lines leaving the surface. 
When $ E.dS = 0, it means that the number of flux lines entering the surface must be equal 
S 


to the number of flux lines leaving it. 


Now, from Gauss' law, we know that $ EdS = 9. where q is charge enclosed by the 
S £g 


surface. When | E.dS = 0, g = 0 ie., net charge enclosed by the surface must be zero. 
S 
Therefore, all other charges must necessarily be outside the surface. This is because 


charges outside because of the fact that charges outside the surface do not contribute to 
the electric flux. 


Q. 9 The electric field at a point is 
(a) always continuous 
(b) continuous if there is no charge at that point 
(c) discontinuous only if there is a negative charge at that point 
(d) discontinuous if there is a charge at that point 
Ans. (b, d) 
The electric field due to a charge Q at a point in space may be defined as the force that a 
unit positive charge would experience if placed at that point. Thus, electric field due to the 


charge Q will be continuous, if there is no charge at that point. It will be discontinuous if there 
is a charge at that point. 


Q. 10 If there were only one type of charge in the universe, then 
(a) P E. dS z 0 on any surface 
(b) b E. dS =0 if the charge is outside the surface 
(c) D E. dS could not be defined 


(d) b EdS- 2 if charges of magnitude q were inside the surface 
0 
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Ans. (c, d) 


Gauss ' law states that $ Eds - 9. , where q is the charge enclosed by the surface. If the 
S £p 


charge is outside the surface, then charge enclosed by the surface is q = 0 and thus, 
$ E.dS = 0. Here, electric flux doesn't depend on the type or nature of charge. 
S 


Q. 11 Consider a region inside which there are various types of charges but the 
total charge is zero. At points outside the region, 
(a) the electric field is necessarily zero 
(b) the electric field is due to the dipole moment of the charge distribution only 
(c) the dominant electric field is « = for large r, where r is the distance from a 
E 
origin in this regions 
(d) the work done to move a charged particle along a closed path, away from the 
region, will be zero 
Ans. (c, d) 
When there are various types of charges in a region, but the total charge is zero, the region 
can be supposed to contain a number of electric dipoles. 
Therefore, at points outside the region (may be anywhere w.r.t. electric dipoles), the 
dominant electric field e« — for large r. 
fa 
Further, as electric field is conservative, work done to move a charged particle along a 
closed path, away from the region will be zero. 


Q. 12 Refer to the arrangement of charges in figure and a Gaussian surface of 
radius R with Q at the centre. Then, 


a) total flux through the surface of the sphere is zQ Gaussian suface 


£o 

b) field on the surface of the sphere is -Q T "a E: 
Ame oR 1 ` 
ER> Q RH: 
c) flux through the surface of sphere due to 5Q is 5Q ` R/2 | ] 
Zero p -2Q Ei 

d) field on the surface of sphere due to — 2Q is same E ED 

everywhere 
Ans. (a, c) 
Gauss' law states that total electric flux of an enclosed surface is given by H where q is the 
£p 


charge enclosed by the surface. Thus, from figure, 
Total charge inside the surface is = Q — 2Q = — 
-. Total flux through the surface of the sphere = zQ 
E 
Now, considering charge 5Q. Charge 5Q lies outside the surface, thus it makes no 
contribution to electric flux through the given surface. 
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Q. 13 A positive charge Q is uniformly distributed along a circular ring of radius 
R.A small test charge q is placed at the centre of the ring figure. Then, 


LtttQXQ 


+ 


+++ 


(a) ifq » O0 and is displaced away from the centre in the plane of the ring, 
it will be pushed back towards the centre 
(b) ifq <0 and is displaced away from the centre in the plane of the ring, 
it will never return to the centre and will continue moving till it hits 
the ring 
(c) if q «O0, it will perform SHM for small displacement along the axis 
(d) q at the centre of the ring is in an unstable equilibrium within the 
plane of the ring forq » 0 
Ans. (a, b, c) 
The positive charge Q is uniformly distributed at the outer surface of the enclosed sphere. 
Thus, electric field inside the sphere is zero. 
So, the effect of electric field on charge q due to the positive charge Q is zero. 
Now, the only governing factor is the attractive and repulsive forces between charges 
(Q and q) there are two cases arise. 
Case | When charge gg > O/.e., g is a positive charge, there creates a repulsive force between 
charge q and Q. 
The repulsive forces of charge Q from all around the charge q will push it towards the centre 
if itis displaced from the centre of the ring. 
Case Il When charge q < 0 i.e., q is a negative charge then there is an attractive force 
between charge Q and g. 


If q is shifted from the centre, then the positive charges nearer to this charge will attract it 
towards itself and charge q will never return to the centre. 
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Very Short Answer Type Questions 


Q. 14 An arbitrary surface encloses a dipole. What is the electric flux through 
this surface? 
Ans. From Gauss' law, the electric flux through an enclosed surface is given by $ Eds - 9. 
Here, q is the net charge inside that enclosed surface. E £o 
Now, the net charge on a dipole is given by -q +q =0 


Electric flux through a surface enclosing a dipole — w ra we Ne 0 


Q. 15 A metallic spherical shell has an inner radius R, and outer radius R,. A 
charge Q is placed at the centre of the spherical cavity. What will be 
surface charge density on 

(i) the inner surface (ii) the outer surface? 


K Thinking Process 
Let us draw the diagram as per the given situation. Using the induction process of 
charging distribute the charge on whole spherical shell. 
Now, find the required surface charge density. 
Ans. Here, the charge placed at the centre of the spherical cavity is positively charged. So, the 
charge created at the inner surface of the sphere, due to induction will be — Q and due to 
this charge created at outer surface of the sphere is + Q. 


Now, surface charge density on the inner surface = — Q and 
4nR? 
. +Q 
Surface charge density on the inner surface = 5 
4nR5 


Q. 16 The dimensions of an atom are of the order of an Angstrom. Thus, there 
must be large electric fields between the protons and electrons. Why, 
then is the electrostatic field inside a conductor zero? 

Ans. The protons and electrons are bound into a atom with distinct and independent existence 

and neutral in charge. 

Electrostatic fields are caused by the presence of excess charges. 

But there can be no excess charge on the inter surface of an isolated conductor. So, the 
electrostatic fields inside a conductor is zero despite the fact that the dimensions of an atom 
are of the order of an Angstrom. 
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Q. 17 If the total charge enclosed by a surface is zero, does it imply that the 


elecric field everywhere on the surface is zero? Conversely, if the electric 
field everywhere on a surface is zero, does it imply that net charge 
inside is zero. 


Ans. Gauss' law also implices that when the surface is so chosen that there are some chargas 


inside and some outside. 


The flux in such situation is given by $ E.ds - 2, 
£o 

In such situations, the electric field in the LHS is due to all the charges both inside and 

outside the surface. The term q on the right side of the equation given by Gauss' law 

represent only the total charge inside the surface. 

Thus, despite being total charge enclosed by a surface zero, it doesn't imply that the electric 

field everywhere on the surface is zero, the field may be normal to the surface. 


Also, conversely if the electric field everywhere on a surface is zero, it doesn't imply that net 
charge inside it is zero. 


ie., Putting E = Oin $ EdS = EA 
£o 


we get g=0. 


Q. 18 Sketch the electric field lines for a uniformly charged hollow cylinder 


Ans. 


shown in figure. 


TE 


K Thinking Process 


According to general properties, electric field lines start from positive charges and end at 
negative charges. If there is a single charge, they may start or end at infinity. 


Thus, the electric field lines will start from positive charges and move towards infinity as 
given in the figure below 


Side view Top view 


10 NCERT Exemplar (Class XII) Solutions 


Q. 19 What will be the total flux through the faces of the cube as given in the 
figure with side of length a if a charge q is placed at? 


(a) A a corner of the cube 
(b) B mid-point of an edge of the cube 
(c) C centre of a face of the cube 

) 


(d) D mid-point of B and C 


K Thinking Process 
Imagine logically about a symmetric figure in such a way that 
placed charge arrives at the centre of imaginated figure. Thus, 
applying Gauss' theorem to find flux linked with imaginary figure. Thereafter find flux 


A 


linked with the given figure. 
Ans. (a) There are eight corners in a cube so, total charge for the cube is T 
Thus, electric flux at A — um 
BE 


(b) When the charge q is place at B, middle point of an edge of the cube, it is being shared 
equally by 4 cubes. Therefore, total flux through the faces of the given cube =q / 4 £p. 


(c) When the charge q is placed at C, the centre of a face of the cube, it is being shared 
equally by 2 cubes. Therefore, total flux through the faces of the given cube =q /2 €p. 


(d) Similarly, when charge q is placed at Q, the mid-point of B and C, it is being shared 
equally by 2 cubes. Therefore, total flux through the faces of the given cube =q /2 €. 


Short Answer Type Questions 


Q. 20 A paisa coin is made up of Al-Mg alloy and weight 0.75g. It has a square 
shape and its diagonal measures 17 mm. It is electrically neutral and 
contains equal amounts of positive and negative charges. 


K Thinking Process 
Treating the paisa coins made up of only Al, find the magnitude of equal number of 
positive and negative charges. What conclusion do you draw from this magnitude? 
Ans. Here, given quantities are 
Mass of a paisa coin = 075g 
Atomic mass of aluminium = 26.9815 g 
Avogadro's number = 6.023 x 107? 
Number of aluminium atoms in one paisa coin, 
= 6023 x 10 , 975 = 16742 x 10% 
26.9815 
As charge number of Al is 13, each atom of Al contains 13 protons and 13 electrons. 
Magnitude of positive and negative charges in one paisa coin = N ze 
= 16742 x 10 x 13 x 160 x 10 9C 
= 348 x 10* C = 348kC 


This is a very large amount of charge. Thus, we can conclude that ordinary neutral matter 
contains enormous amount of + charges. 
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Q. 21 Consider a coin of Question 20. It is electrically neutral and contains 
equal amounts of positive and negative charge of magnitude 34.8 kC. 
Suppose that these equal charges were concentrated in two point 
charges separated by 


1 
(i) 1 cm (- > x diagonal of the one paisa coin] 


(ii) 100 m (~ length of a long building) 
(iii) 10° m (radius of the earth). Find the force on each such point charge 


in each of the three cases. What do you conclude from these results? 
K Thinking Process 
laf 
4n£g i 


Force on a point charge — Here, q= magnitude of one charge, r= distance 


between two charges. 
Ans. Here, q =+ 34.8RC = + 348 x 10^C 


i, 21cm2 10? m p = 100m h = 10? mand —— = 9x 10 
41 £o 
2 9 4\2 
T [al . 9x10* (3.48 x 10°) = 1.09x 1023 N 
Ane, I? (10°) 
2 9 4\2 
F, = lgl - . 9x10 ea) = 1.09x 105 N 
ANE) [5 (100) 
2 9 A2 
f, =la? 9x 10° (848x 10°F _ ir 
ANE, I2 (10°)? 


Conclusion from this result We observe that when + charges in ordinary neutral matter are 
separated as point charges, they exert an enormous force. Hence, it is very difficult to 
disturb electrical neutrality of matter. 


Q. 22 Figure represents a crystal unit of cesium chloride, CsCl. The cesium 
atoms, represented by open circles are situated at the corners of a cube 
of side 0.40nm, whereas a Cl atom is situated at the centre of the cube. 
The Cs atoms are deficient in one electron while the Cl atom carries an 
excess electron. 

(i) What is the net electric field on the Cl atom due to eight Cs atoms? 


(ii) Suppose that the Cs atom at the corner A is missing. What is the net 
force now on the Cl atom due to seven remaining Cs atoms? 


Oo Cs* 


+ oA C 
Es — 0.40 nm— S 


oOCs* @ Cl 
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K Thinking Process 
(i) Net force on a charge due to two equal and opposite charges will be zero. Also 


electric field on a charge is given by E = E where E — electric field, F — force on charge 
q 


q due to electric field, q = magnitude of charge q 
(il) Ifa Cs atom is removed from the corner A then a singly charged negative Cs ion at A 
will appear. 
Ans. (i) From the given figure, we can analyse that the chlorine atom is at the centre of the cube 
ie., at equal distance from all the eight corners of cube where cesium atoms are 
placed. Thus, due to symmetry the forces due to all Cs tons, on Cl atom will cancel out. 


Hence, E- F where F=0 
q 
Ex E=0 
(ii) Thus, net force on Cl atom at A would be, 
2 
F=- 
An£gr* 


where, r= distance between Cl ion and Cs ion. 
Applying Pythagorous theorem, we get 
r = (0.20f + (0.20)? + (0.20)? x 107° m 


= 0346 x10? m 
2 2 
Now, fo = 
ANE, r^ ARE, h 
|.9x 10? (1.6x 10° 9? 
(0.346x 107 9? 


=1.92x10°9N 


Q. 23 Two charges q and — 3q are placed fixed on x-axis separated by distance 
d. Where should a third charge 2g be placed such that it will not 
experience any force? 

K Thinking Process 


The force on any charge will be zero only if all forces are balanced i.e, force of attraction 
is balanced by force of repulsion. 


Ans. Here, let us keep the charge 2q at a distance r from A. 


2q p q -3q 
Foy 9 I— — Foy - 39 
E x »« d >| 


Thus, charge 2q will not experience any force. 


When, force of repulsion on it due to q is balanced by force of attraction on it due to 
— 3q, at B, where AB =d. 


Thus, force of attraction by — 3g = Force of repulsion by g 


E ?gxq _ 29x3% 
ANE, x? AME, (x + dy 

EN (x + df = 3x? 

> x? +d? + 2xd = 3x? 


> -2x?-g? 
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2x? -2dx - d? 20 


x= d + v3d 
2 2 
(Negative sign be between q and - 3q and hence is unadaptable.) 
d , J3d 
=- + 
2 2 
= g (1+ J3)to the left of g. 


Q. 24 Figure shows the electric field lines around three point charges A,B 
and C 


a 
S0 
J 


(i) Which charges are positive? 
(ii) Which charge has the largest magnitude? Why? 
(iii) In which region or regions of the picture could the electric field be 
zero? Justify your answer. 
(a) Near A (b) Near B 
(c) Near C (d) Nowhere 


K Thinking Process 
(i) Electric lines of forces always starts from a positive charge and ends at a negative 
charge. In case of a single charge, electric lines of force start from positive charge ends 
at infinity. 
(ii) The magnitude of a charge depends on the number of lines of force enamating from 
a charge i.e, higher the number of lines of forces, higher the magnitude of charge and 
Vice-versa. 


Ans. (i) Here, in the figure, the electric lines of force emanate from A and C. Therefore, charges 
A and C must be positive. 
(ii) The number of electric lines of forces enamating is maximum for charge C here, so C 
must have the largest magnitude. 
(iii) Point between two like charges where electrostatic force is zero is called netural point. 
So, the neutral point lies between A and C only. 
Now the position of neutral point depends on the strength of the forces of charges. Here, 


more number of electric lines of forces shows higher strength of charge C than A. So, 
neutral point lies near A. 
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Q. 25 Five charges, q each are placed at the corners of a regular pentagon of side. 


Dg Ca 
H— a — 
(a) (i) What will be the electric field at 0, the centre of the pentagon? 
(ii) What will be the electric field at O if the charge from one of the 
corners (say A) is removed? 
(iii) What will be the electric field at O if the charge q at A is replaced 
by =- q? 
(b) How would your answer to (a) be affected if pentagon is replaced by 
n-sided regular polygon with charge q at each of its corners? 
K Thinking Process 
Due to symmetry forces by all the charges are cancelled out. 
Ans. (a) (i The point O is equidistant from all the charges at the end point of pentagon. Thus, 


due to symmetry, the forces due to all the charges are cancelled out. As a result 
electric field at O is zero. 


(ii) When charge q is removed a negative charge will develop at A giving electric field 


|. qx1 
E- 2 


along OA. 
4T£gr 
(ii) If charge q at A is replaced by — q, then two negative charges — 2q will develop 


there. Thus, the value of electric field E — 2q 
Ane, Fr 


along OA. 


2 


(b) When pentagon is replaced by n sided regular polygon with charge q at each of its 
corners, the electric field at O would continue to be zero as symmetricity of the charges 
is due to the regularity of the polygon. It doesn't depend on the number of sides or the 
number of charges. 
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Long 


Answer Type Questions 


Q. 26 In 1959 Lyttleton and Bondi suggested that the expansion of the 


Ans. (8) 


universe could be explained if matter carried a net charge. Suppose that 
the universe is made up of hydrogen atoms with a number density N, 
which is maintained a constant. Let the charge on the proton be 
e, 2 — (1+ y)e where e is the electronic charge. 


p 
(a) Find the critical value of y such that expansion may start. 
(b) 


Show that the velocity of expansion is proportional to the distance 
from the centre. 


K Thinking Process 

Expansion of the universe will start if the coulomb repulsion on a hydrogen atom, at R, is 

larger than the gravitational attraction. 
Let us suppose that universe is a perfect sphere of radius R and its constituent 
hydrogen atoms are distributed uniformly in the sphere. 
As hydrogen atom contains one proton and one electron, charge on each hydrogen 
atom. 

€, =epte=—-(1+ Y)ecez-- Ye (Ye) 

If E is electric field intensity at distance R, on the surface of the sphere, then according to 
Gauss' theorem, 


f Eds = Lie, E AnR?) = 4 xR^N|Ye| 
£o 3 £o 
p= 1 MER Ò 
Eo 


Now, suppose, mass of each hydrogen atom — m, = Mass of a proton, Gp = gravitational 
field at distance R on the sphere. 


Then - AnR? Gp = AnG mp (5 aR? JN 
-4 - 
> Gp = a 1x GmpNR (il) 
Gravitational force on this atom is f; = Mp x Gp = — = GmsNR .. (iil) 
232. 
Coulomb force on hydrogen atom at R is Fẹ = (Ye) E = as [from Eq. (i)] 
£o 


Now, to start expansion Fo > Fẹ and critical value of Y to start expansion would be when 


Es cfe 
2.2 
zt 1 NY'e/R. Ane 2NR 
3 & 
m 2 
> Ys = neo (7t 
e 
— 272 
- 1 x(667x10-1)| (.96X 10 7) | 79 gc 40-38 
9x 10? (1.6x 107 19)? 


=> Y =,/798x 107% =89x10 ' ~10° 8 


Thus, 10 is the required critical value of Y corresponding to which expansion of 
universe would start. 


16 NCERT Exemplar (Class XII) Solutions 


(b) Net force experience by the hydrogen atom is given by 


22. 
fom Ra MOER LN Gane 
3 & 3 
If acceleration of hydrogen atom is represent by d?R /dt?, then 
2 222 
m, 2. R gg 1 NY'e*R ^* GmNR 
at? 3 & 3 
eae 
=| 1 Me" AR ar? R 
3 & 3 
2 DAS 
d*R = 1 [4 NY*e AT onum =a°R ...(iv) 


at? m,|3 £ 3 
d P 
a? = 1 [4 NY*e AT GmêN 
Mp ls £o 3 
The general solution of Eq. (iv) is given by R= Ae“ + Be~™. We are looking for 
expansion, here, so B = Qand R = Ae™. 


= Velocity of expansion, v — Ae” (a) =aAe™ =aR 


where, 


[| 


Hence, v œ R i.e., velocity of expansion is proportional to the distance from the centre. 


Q. 27 Consider a sphere of radius R with charge density distributed as p(r) = kr 
forr < R=0 forr >R. 

(a) Find the electric field as all points r. 

(b) Suppose the total charge on the sphere is 2e where e is the electron 
charge. Where can two protons be embedded such that the force on 
each of them is zero. Assume that the introduction of the proton does 
not alter the negative charge distribution. 


K Thinking Process 


According to the given charge density distribution of the sphere of radius R ie, p(r)=Kr 
Jorr SR=0 for r >R it is obvious that the electric field is radial. 


Ans. (a) Let us consider a sphere S of radius R and two hypothetic sphere of Ps EN 
radius r « R and r» R. ra N 
Now, for point r < R, electric field intensity will be given by, 


== 1 I 
peda [a l : 


[FordV, V = ane = dV =3x Sn dr = Anr^d/] 


; 
5 f Eds = 4 ank [Por C p(- K) 
£p 3 
4 
> (Ean =I E 
& 4 
E E=- | k 
489 


Here, charge density is positive. 
So, direction of E is radially outwards. 
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For points r > R, electric field intensity will be given by 
f Eds = Bs [oov 
£o 


5 E( mr?) = 4nK rdr AnK R 
£o 0 £o 
4 
= BEI 
4£o r? 


Charge density is again positive. So, the direction of E is radially outward. 


(b) The two protons must be on the opposite sides of the centre along a diameter following 
the rule of symmetry. This can be shown by the figure given below. Charge on the 


sphere, 
R R 
q- | pav = | (Kr) 4xr^ar 
0 0 
R^ 
= 4nK — =2e 
" 4 
-2 
mR* 


If protons 1 and 2 are embedded at distance r from the centre of the sphere as 
shown,then attractive force on proton 1 due to charge distribution is 
-eKr? 


F, =ef= 
4€ 


Repulsive force on proton 1 due to proton 2 is 


e 
F, = 
* ^ Amer 
Net force on proton 1, F=F,+F, 
F —eKr? e? 
- + 


4E5 16n£,r? 
Jes? Ze " e? | 
4e, nR^  16ngr^ | 


Thus, net force on proton 1 will be zero, when 


So, 


eroe . e 
4e R^ 16ngor 
4 
> po 
8 
"-" R 
: “ar 


This is the distance of each of the two protons from the centre of the sphere. 
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Q. 28 Two fixed, identical conducting plates (œ and p), each of surface area S 
are charged to — Q and q, respectively, where Q > q > 0. A third identical 
plate (y), free to move is located on the other side of the plate with 
charge q at a distance d (figure). The third plate is released and collides 
with the plate B. Assume the collision is elastic and the time of collision 
is sufficient to redistribute charge amongst p and y. 


Y 
nd 
a p y 
<— d — 
-Q q Q 


(a) Find the electric field acting on the plate y before collision. 
(b) Find the charges on p and y after the collision. 
(c) Find the velocity of the plate y after the collision and at a distance d 
from the plate p. 
Ans. (a) Net electric field at plate y before collision is equal to the sum of electric field at plate y 
due to plate a and p. 


-Q , to the left. 


The electric field at plate y due to plate a is E, = 5 
£o 


The electric field at plate y due to plate B is E, = , to the right. 


q 
Se) 
Hence, the net electric field at plate y before collision. 


ERE E ZQ to the left, ifQ >q. 


(2, 

(b) During collision, plates B and y are together. Their potentials become same. 

Suppose charge on plate B is q4 and charge on plate y is q;. At any point O, in between 
the two plates, the electric field must be zero. 


-Q ,to the left 


ectric field at O due to plate a = 
(2€ 


ectric field at O due to plate p = Ws. to the right 
S (2€, 


Electric field at O due to plate y= 2 to the left 
S (229) 


As the electric field at O is zero, therefore 


As there is no loss of charge on collision, 
Q+q=q +92 EU 
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On solving Eqs. (i) and (ii), we get 
q, = (Q + 9/2) «charge on plate p 
qə = (9/2) «charge on plate y 
(c) After collision, at a distance d from plate p, 
Let the velocity of plate y be v. After the collision, electric field at plate y is 
E, = -Q etre re to the right. 
2S 29S 29S 


Just before collision, electric field at plate y is E, = ge 
2S 
If F, is force on plate y before collision, then F, = E, Q = Q -g)9 
2£9S 
Total work done by the electric field is round trip movement of plate y 
W =(F, + F,)d 
 [Q-9)0 * q/2*]d |. (Q-a/2)d 
2&9 28 
If mis mass of plate y, the KE gained by plate y = im? 
2 
According to work-energy principle, 1m? =W= Grdrere 
2 2£9S 
d 1/2 
y=(Q-q/2) | | 
MES 


Q. 29 There is another useful system of units, besides the SI/MKS. A system, 
called the CGS ern system. In this system, 
VEA 


Coulomb's law is given by F= 7f. 

r 
where the distance r is measured in cm (= 10^? u), F in dynes (= 10 ^N) 
and the charges in electrostatic units (es units), where 1 es unit of 


charge ^p" 10^ °C. The number [3] actually arises from the speed of 


light in vacuum which is now taken to be exactly given by 
c = 2.99792458 x 10? m/s. An approximate value of c, then is 
c 23x 10? m/s. 

(i) Show that the Coulomb's law in CGS units yields 1 esu of charge 
= 1 (dyne)? cm. Obtain the dimensions of units of charge in terms of 
mass M, length L and time T. Show that it is given in terms of 
fractional powers of M and L. 

(ii) Write 1 esu of charge = xC, where x is a dimensionless number. Show 
107 Nm? 

Teg x? C 


Nm? 1 Nm? 
= [3]? x 10? 27... = (2.99792458)? x 10° —- (exactly). 
ANE 9 C? '4n£g p 


: : . 1 
that this gives . With Be US we have 
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[1 esu of charge]? 
EET A 

So, 1 esu of charge = (1 dyne)? x 1 cm- F'?.L = [MLT? ]/?L 
= 1 esu of charge = M/?ALS/?T- |, 


Ans. (i) From the relation, F = a =1 dyne = 
r 


Thus, esu of charge is represented in terms of fractional powers - of M and - of L. 


(ii) Let 1 esu of charge = x C, where x is a dimensionless number. Coulomb force on two 
charges, each of magnitude 1 esu separated by 1 cm is dyne = 10°N. This situation is 


equivalent to two charges of magnitude x C separated by 107° m. 


pet _*® 4 dyne=10% 
= — = 1 dyne = 10^N 
4n£g (10 ^) 
1 10? Nm? 
Ame x? C? 
1 
Taking, =— 
[3| x 10° 
2 2 
we get, 1 240? x[3? x108 NY = 9 x 9» Nm 
ANE, C? E 


If |3| — 2.99792458, we get = 898755 x 10? NmYC ?. 


ATE, 


Q. 30 Two charges — q each are fixed separated by distance 2d. A third charge 
q of mass m placed at the mid-point is displaced slightly by x(x << d) 
perpendicular to the line joining the two fixed charged as shown in 
figure. Show that q will perform simple harmonic oscillation of time 
period. q 


1/2 < 
[Tane ma? T” Ar 8l 


"= g | -q d d -q 


K Thinking Process 


For motion of charge q to be simple harmonic, force on charge q must be proportional to 
its distance from the centre O and is directed towards O. 
Ans. Let us elaborate the figure first. 
Given, two charge - q at A and B 
AB = AO + OB = 2d 


x = small distance perpendicular to O. 
ie, x«d mass of charge q is. So, force of attraction at P towards A and B are each 
E290) where AP = BP =r 

Ane, r? 


Horizontal components of these forces F, are cancel out. Vertical components along PO 
add. 
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If ZAPO =O, the net force ong along PO is F’ = 2F cos Q 


un 
4ng r? VT 


Ane, (d? + x?y/^? 
2 
When, need pad * -Kx 
4n£gd 
2 
where, K= 2q 3 
ANE, d 
> Fex 
i.e., force on charge q is proportional to its displacement from the centre O and it is directed 
towards O. 
Hence, motion of charge q would be simple harmonic, where 
K 
g= |— 
m 


and r- Pt as P 
[0] K 


m4ne, d? [ 81? e, md? 
2q° q? | 
Q. 31 Total charge — Q is uniformly spread along length of a ring of radius R.A 
small test charge + q of mass m is kept at the centre of the ring and is 
given a gentle push along the axis of the ring. 
(a) Show that the particle executes a simple harmonic oscillation. 
(b) Obtain its time period. 
K Thinking Process 


For simple harmonic oscillation, force on q is proportional to negative of its 
displacement. 


Jue 
-2mn 


Ans. Let us draw the figure according to question, 


Z 
A 
_| Axis of ring 
= O E 
= ' R =Q 
ca 
Y 


A gentle push on q along the axis of the ring gives rise to the situation shown in the figure 
below. 


zq 


PAR 


: R 
Plane of the ring 


B 
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Taking line elements of charge at A and B, having unit length, then charge on each 


elements. 
dF =2 Q Jax L 1 cose 


27R ANE, r 
Total force on the charge q, due to entire ring 
F= Qq (nR). TY 32 
mR Ane) r? r 
= Qqz 
Ane, (Z? + R??? 
Here, Z «« R, Fo- MN 
ANE, R? 
where Su constant 
4n£gR 
> Fe-Z 


Clearly, force on q is proportional to negative of its displacement. Therefore, motion of q is 


simple harmonic. 
o= aar - 27 -2n | 
m (0) K 


m 4negR? 


Qq 


3 
m T-2n 4ne, mR 
\ Qq 


T-2m 


Electrostatic Potential 
and Capacitance 


Multiple Choice Questions (MCQs) 


Q. 1 A capacitor of 4 uF is connected as shown in the circuit. The internal 


resistance of the battery is 0.50. The amount of charge on the capacitor 
plates will be 


4uF — 400 
|| WM 
L 
25V 
WANM 
20 
(a) O (b) 4. C (C) 16uC (d) 8uC 


K Thinking Process 


In this problem, the three parallel branches of circuit can be considered in parallel , 
combination with one-another. Therefore, potential difference across each branch is same. 
The capacitor offers infinite resistance in DC circuit, therefore no current flows through 
capacitor and 10€2 resistance, leaving zero potential difference across 10Q resistance. 


Thus, potential difference across lower and middle branch of circuit is equal to the 
potential difference across capacitor of upper branch of circuit. 


Ans. (d) Current flows through 2Q resistance from left to right, is given by 


V 2.5V 


The potential difference across 2Q resistance V = IR2 1x2 -22V 


Since, capacitor is in parallel with 2Q resistance, so it also has 2V potential difference 
across it. 


The charge on capacitor 
q CV = (2 uF) x 2V = 8uC 
Note The potential difference across 2Q resistance solely occurs across capacitor as no 
potential drop occurs across 10Q resistance. 
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Q. 2 A positively charged particle is released from rest in an uniform electric 
field. The electric potential energy of the charge 
(a) remains a constant because the electric field is uniform 
(b) increases because the charge moves along the electric field 
(c) decreases because the charge moves along the electric field 
(d) decreases because the charge moves opposite to the electric field 


K Thinking Process 
In this problem, the relationship between E and V is actualised . 
Ans. (c) The direction of electric field is always perpendicular to one equipotential surface 


maintained at high electrostatic potential to other equipotential surface maintained at 
low electrostatic potential. 


The positively charged particle experiences electrostatic force along the direction of 
electric field i.e., from high electrostatic potential to low electrostatic potential. Thus, the 
work is done by the electric field on the positive charge, hence electrostatic potential 
energy of the positive charge decreases. 


Q. 3 Figure shows some equipotential lines distributed in space. A charged 
object is moved from point A to point B. 
(a) The work done in Fig. (i) is the greatest 
(b) The work done in Fig. (ii) is least 
(c) The work done is the same in Fig. (i), Fig.(ii) and Fig. (iii) 
(d) The work done in Fig. (iii) is greater than Fig. (ii) but equal to that in 


20V 40V 30V 
1 1 1 1 1 1st I 1 1 1 lol 1 ji 
| | l | | | og I | | | | og | | 
1 1 1 I 1 po 1 I 1 1 1st I 1 
I l | I I A I I I I E: | I 
1 1 1 1 1 i -al I 1 1 1 1ot 1 1 
I | l | | | og I | | | | og l | 
I | I l I Il I | I l | og. | | 
1 1 1 1 1 1ot I 1 1 1 px 1 1 
l Ab | B | Ale | $B! | A$! $B | 
A a oe oe I "Eau | fi | | 
1 1 1 j) 1 p KI! if 1 I 1 be. 1 I 
I | I l I Il | | I | | og | l 
1 I 1 1 1 Il 1 1 1 1 lol 1 1 
| | | | l | og I | | | | og | | 
Pod df | Prob d d | n | 
10V 20V 30V 40V 50V 10V 30V 50V 10V 20V 40V 50V 

Fig. (i) Fig. (ii) Fig. (iii) 


Ans. (c) The work done by a electrostatic force is given by W, =q (V, — V). Here initial and final 
potentials are same in all three cases and same charge is moved, so work done is 
same in all three cases. 


Q. 4 The electrostatic potential on the surface of a charged conducting sphere 
is 100V. Two statements are made in this regard 
S, at any point inside the sphere, electric intensity is zero. 
S, at any point inside the sphere, the electrostatic potential is 100V. 
Which of the following is a correct statement? 
(a) 5, is true but S, is false 
(b) Both S, and S, are false 
(C) S, is true, S, is also true and S, is the cause of S, 
(d) S, is true, S, is also true but the statements are independant 
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Ans. (c) In this problem, the electric field intensity E and electric potential V are related as 
ga 
dr 
eT ' dv 
Electric field intensity E = 0 suggest that a =0 
r 
This imply that V = constant. 
Thus, E 2 0 inside the charged conducting sphere causes , the same electrostatic 
potential 100V at any point inside the sphere. 


Note V equals zero does not necessary imply that E — 0 eg, the electric potential at any 
point on the perpendicular bisector due to electric dipole is zero but E not. 


E — 0 does not necessary imply that V — 0 eg, the electric field intensity at any point 
inside the charged spherical shell is zero but there may exist non-zero electric 
potential. 


Q. 5 Equipotentials at a great distance from a collection of charges whose total 
sum is not zero are approximately 
(a) spheres (b) planes 
(c) paraboloids (d) ellipsoids 
Ans. (a) In this problem, the collection of charges, whose total sum is not zero, with regard to 


great distance can be considered as a point charge. The equipotentials due to point 
charge are spherical in shape as electric potential due to point charge q is given by 


V - k, 8. 
; 


This suggest that electric potentials due to point charge is same for all equidistant 
points. The locus of these equidistant points, which are at same potential, form 
spherical surface. 


Q. 6 A parallel plate capacitor is made of two dielectric blocks in series. One of 
the blocks has thickness d, and dielectric constant K, and the other has 
thickness d, and dielectric constant K, as shown in figure. This 
arrangement can be thought as a dielectric slab of thickness 
d (=d, +d,) and effective dielectric constant K. The K is^ 


7, 
di Ki 
d» Ko 
INN 
(a) Kidi + K,d, (b) K,d, + Kd, 
d, +d, K+K, 
(c) Ka + 4) "ES 
(Kidi + K,d;) K\+K, 


K Thinking Process 


In this problem, the system can be considered as the series combination of two 
capacitors which are of thicknesses d, and filled with dielectric medium of dielectric 
constant K „and thicknesses d, and filled with dielectric medium of dielectric constant K.. 


26 
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Ans. (c) The capacitance of parallel plate capacitor filled with dielectric block has thickness ad; 


and dielectric constant K, is given by 
C K,&)A 
= Oe 
d, 
Similarly, capacitance of parallel plate capacitor filled with dielectric block has 
thickness d, and dielectric constant K, is given by 
C= K £A 
2 
Since, the two capacitors are in series combination, the equivalent capacitance is 
given by 


i] 1 
Lum m wp ey 
C 1 Co 
or 
Kygy A K€ A 
C= C-C, d, d, KK5£5A (i) 
C+C, KA, KA Kd, + Kd, 
1 d; 
Butthe equivalent capacitances is given by 
KeA 
C= 
d, +d, 


On comparing, we have 
K= KyK,(d, +d3) 
Kd, + Kd; 
Note For the equivalent capacitance of the combination, thickness is equal to the 
separation between two plates i.e., d4+ d, and dielectric constant K. 


Multiple Choice Questions (More Than One Options) 


Q. 7 Consider a uniform electric field in the 2-direction. The potential is a 


Ans. (b, C, d) 


constant 
(a) in all space (b) for any x for a given z 
(c) for any y for a given z (d) on the x-y plane for a given z 
E 
V-V 
V 


Equipotentials 
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Here, the figure electric field is always remain in the direction in which the potential 
decreases steepest. Its magnitude is given by the change in the magnitude of potential per 
unit displacement normal to the equipotential surface at the point. 


The electric field in z-direction suggest that equipotential surfaces are in x-y plane. 
Therefore the potential is a constant for any x for a given z, for any y for a given z and on the 
x-y plane for a given z. 


Note The shape of equipotential surfaces depends on the nature and type of distribution 
of charge eg, point charge leads to produce spherical surfaces whereas line charge 
distribution produces cylindrical equipotential surfaces. 


Q. 8 Equipotential surfaces 


(a) are closer in regions of large electric fields compared to regions of lower electric 
fields 


(b) will be more crowded near sharp edges of a conductor 
(c) will be more crowded near regions of large charge densities 
(d) will always be equally spaced 


K Thinking Process 


In this problem, we need a relation between the electric field intensity E and electric 
potential V given by 
p.d 
dr 
Ans.(a,b, c) 


The electric field intensity E is inversely proportional to the separation between equipotential 
surfaces. So, equipotential surfaces are closer in regions of large electric fields. 


Since, the electric field intensities is large near sharp edges of charged conductor and near 
regions of large charge densities. Therefore, equipotential surfaces are closer at such places. 


Q. 9 The work done to move a charge along an equipotential from A to B 
(a) cannot be defined as — f. E.dl 


(b) must be defined as — f E.dl 


(C) is zero 
(d) can have a non-zero value 

Ans. (c) Work done in displacing a charge particle is given by W,, =q(V> — V) and the line 
integral of electrical field from point 1 to 2 gives potential difference V, — V, =- [ed 


For equipotential surface, V, — V, = OandW = 0. 


Note lf displaced charged particle is + 1 C, then and only then option (b) is correct. But the 
NCERT exemplar book has given (b) as correct options which probably not so under 
given conditions. 


Q. 10 In a region of constant potential 
(a) the electric field is uniform 
(b) the electric field is zero 
(c) there can be no charge inside the region 
( 


) 
d) the electric field shall necessarily change if a charge is placed outside the region 
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Ans. (b, c) 

The electric field intensity E and electric potential V are related as E = O and for V = constant, 
aa 
This imply that electric field intensity E = 0. 


Q. 11 In the circuit shown in figure initially key K, is closed and key K, is 
open. Then K, is opened and K, is closed (order is important). 


[Take Q; and Q; as charges on C, and C, and V, and V, as voltage 
respectively.] 


(9 (9 


| 
p 
i 
9 
i 


Then, 
(a) charge on C, gets redistributed such that V, = V, 
(b) charge on C, gets redistributed such that Q1 = Q3 
(c) charge on C, gets redistributed such that CV, + CV, = CE 
(d) charge on C, gets redistributed such that Of + O5 =Q 


K Thinking Process 


When key K iis closed and key K, is open, the capacitor C,is charged by cell and when 
K is opened and K, is closed, the charge stored by capacitor C, gets redistributed 
between C, and G. 


Ans. (a, d) 


The charge stored by capacitor C, gets redistributed between C, and C, till their potentials 
become same i.e., V, = V,. By law of conservation of charge, the charge stored in capacitor 
C, when key K; is closed and key K, is open is equal to sum of charges on capacitors C, 
and C, when K; is opened and K, is closed i.e., 


Q, +Q =Q 


Q. 12 If a conductor has a potential V + 0 and there are no charges anywhere 
else outside, then 
(a) there must be charges on the surface or inside itself 
(b) there cannot be any charge in the body of the conductor 
(c) there must be charges only on the surface 
(d) there must be charges inside the surface 
Ans. (a, b) 
The charge resides on the outer surface of a closed charged conductor. 
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Q. 13 A parallel plate capacitor is connected to a battery as shown in figure. 


Consider two situations. 
K 
(9) 


| AE - 


E 


A. Key K is kept closed and plates of capacitors are moved apart using 
insulating handle. 


B. Key K is opened and plates of capacitors are moved apart using 
insulating handle. 


Choose the correct option(s). 
(a) In A Q remains same but C changes 
(b) In B V remains same but C changes 
(c) In A V remains same and hence Q changes 
(d) In B Q remains same and hence V changes 


K Thinking Process 


The cell is responsible for maintaining potential difference equal to its emf across 
connected capacitor in every circumstance. However, charge stored by disconnected 
charged capacitor remains conserved. 
Ans. (c ’ d) 
Case A When key K is kept closed and plates of capacitors are moved apart using insulating 


handle, the separation between two plates increases which in turn decreases its 
KegA 


capacitance (c x and hence, the charge stored decreases as Q - CV ( potential 


continue to be the same as capacitor is still connected with cell). 


Case B When key K is opened and plates of capacitors are moved apart using insulating 
handle, charge stored by disconnected charged capacitor remains conserved and with the 
decreases of capacitance, potential difference V increases as V 2 Q/C. 


Very Short Answer Type Questions 


Q. 14 Consider two conducting spheres of radii R, and R, with R, > Rp. If the 
two are at the same potential, the larger sphere has more charge than 
the smaller sphere. State whether the charge density of the smaller 
sphere is more or less than that of the larger one. 


K Thinking Process 
The electric potentials on spheres due to their charge need to be written in terms of their 
charge densities. 
Ans. Since, the two spheres are at the same potential, therefore 
kg, kg; kqiR, _ kq5R; 
R R, AnR?  AmR$ 
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or 6,R;=6,R, > 


This imply that o, > 65. 
The charge density of the smaller sphere is more than that of the larger one. 


Q. 15 Do free electrons travel to region of higher potential or lower potential? 


Ans. The free electrons experiences electrostatic force in a direction opposite to the direction of 
electric field being is of negative charge. The electric field always directed from higher 
potential to lower travel. 


Therefore, electrostatic force and hence direction of travel of electrons is from lower 
potential to region of higher potential . 


Q. 16 Can there be a potential difference between two adjacent conductors 
carrying the same charge? 


K Thinking Process 


The capacity of conductor depend on its geometry i.e, length and breadth . For given 
charge potential V e«1/ C, so two adjacent conductors carrying the same charge of 
different dimensions may have different potentials. 


Ans. Yes, if the sizes are different. 


Q.17 Can the potential function have a maximum or minimum in free space? 


Ans. No, The absence of atmosphere around conductor prevents the phenomenon of electric 
discharge or potential leakage and hence, potential function do not have a maximum or 
minimum in free space. 


Q. 18 A test charge q is made to move in the electric field of a point charge Q 
along two different closed paths [figure first path has sections along 
and perpendicular to lines of electric field. Second path is a rectangular 
loop of the same area as the first loop. How does the work done compare 
in the two cases? 


Ans. As electric field is conservative, work done will be zero in both the cases. 


Note Conservative forces (like electrostatic force or gravitational force) are those forces, 
work done by which depends only on initial position and final position of object viz 
charge, but not on the path through which it goes from initial position to final 
position. 
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Short Answer Type Questions 


Q. 19Prove that a closed equipotential surface with no charge within itself 
must enclose an equipotential volume. 


K Thinking Process 


In this problem, we need to know that the electric field intensity E and electric potential V 
dv ; l ; 
are related as E 2 — E" and the field lines are always perpendicular to one equipotential 
r 
surface maintained at high electrostatic potential to other equipotential surface 
maintained at low electrostatic potential. 


Ans. Let's assume contradicting statement that the potential is not same inside the closed 
equipotential surface. Let the potential just inside the surface is different to that of the 


surface causing in a potential gradient (+ Consequently electric field comes into 
r 


existence, which is given by as E = E: 

r 
Consequently field lines pointing inwards or outwards from the surface. These lines cannot 
be again on the surface, as the surface is equipotential. It is possible only when the other 


end of the field lines are originated from the charges inside. 


This contradict the original assumption. Hence, the entire volume inside must be 
equipotential. 


Q. 20 A capacitor has some dielectric between its plates and the capacitor is 
connected to a DC source. The battery is now disconnected and then the 
dielectric is removed . State whether the capacitance, the energy stored 
in it, electric field, charge stored and the voltage will increase, decrease 
or remain constant. 


K Thinking Process 


Here, the charge stored by the capacitor remains conserved after its disconnection from 
battery. 


Ans. The capacitance of the parallel plate capacitor, filled with dielectric medium of dielectric 
constant K is given by 
KeA 
C= = where signs are as usual. 
The capacitance of the parallel plate capacitor decreases with the removal of dielectric 
medium as for air or vacuum K = 1. 
After disconnection from battery charge stored will remain the same due to conservation of 
charge. 
2 
The energy stored in an isolated charge capacitor = i as q is constant, energy stored « 


1/C and C decreases with the removal of dielectric medium, therefore energy stored 
increases. Sinceq is constant and V 2g /C and C decreases which in turn increases V and 
therefore E increases as E = V/d . 


Note One of the very important questions with the competitive point of view. 
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Q. 21 Prove that, if an insulated, uncharged conductor is placed near a 
charged conductor and no other conductors are present, the uncharged 
body must intermediate in potential between that of the charged body 
and that of infinity. 


K Thinking Process 
The electric field E = T suggest that electric potential decreases along the direction of 
r 


electric field. 
Ans. Let us take any path from the charged conductor to the uncharged conductor along the 
direction of electric field. Therefore, the electric potential decrease along this path. 


Now, another path from the uncharged conductor to infinity will again continually lower the 
potential further. This ensures that the uncharged body must be intermediate in potential 
between that of the charged body and that of infinity. 


Q. 22 Calculate potential energy of a point charge —q placed along the axis 
due to a charge +Q uniformly distributed along a ring of radius R. Sketch 
PE, as a function of axial distance z from the centre of the ring. Looking 
at graph, can you see what would happen if —g is displaced slightly from 
the centre of the ring (along the axis)? 


K Thinking Process 


The work done or PE stored in a system of charges can be obtained 
U =W =q x potential difference 


Ans. Let us take point P to be at a distance x from the centre of the ring, as shown in figure. The 
charge element dq is at a distance x from point P Therefore, V can be written as 


d d 
rex pia 


, Since each element dq is at the same distance from point P, so we have 


where, k — 


ATE 
net potential 


Considering — q charge at P the potential energy is given by 
U =W =q x potential difference 
U= kQ (7-3) 


J + a? 
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or (fe! Ed 
Ane) J2 4 a? 
= Í - Qq 
4ne,a z 2 
A 
a 
U 


This is the required expression. 


The variation of potential energy with z is shown in the figure. The charge -q displaced 
would perform oscillations. 


Nothing can be concluded just by looking at the graph. 


Q. 23 Calculate potential on the axis of a ring due to charge Q uniformly 
distributed along the ring of radius R. 


Ans. Let us take point P to be at a distance x from the centre of the ring,as shown in figure. The 
charge element dq is at a distance x from point P. Therefore, V can be written as 


dq dq 
V=k = 
jJ r i | x? + a? 
where, k, = CE since each element dq is at the same distance from point P so we have 
TE 


net potential 
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Long Answer Type Questions 


Q. 24 Find the equation of the equipotentials for an infinite cylinder of radius 
rg carrying charge of linear density À. 
K Thinking Process 


The electric field due to line charge need to be obtained in order to find the potential at 
distance r from the line charge. As line integral of electric field gives potential difference 
between two points. 


Vo- vo == ll ‘Ed 


Ans. Let the field lines must be radically outward. Draw a cylindrical Gaussian surface of radius r 
and length 7. Then, applying Gauss’ theorem 


k— tm 


ae eS 


C2 


[Eas - uu 
£o 
or P= LM >E, = 
Ep 2TEol 
r 
Hence, if ry is the radius, V(r) - Vito) = fed! UN in 
a 271£y T 
Since, r Ae gp” [ ipe Ani 
'o 2 t&gl 2TE or 27£9 h 
For a given V, 
r 2 TE, 
In. =- E (yr) - vr] 
ly À 
=> r= ne ?"*wWol*e + One V(r)/ A 


-2720 [Vr -Vr VA 
r=ne (r) = Wro) 


The equipotential surfaces are cylinders of radius. 


Q. 25 Two point charges of magnitude + q and — q are placed at (— d / 2, 0, 0) 
and (d / 2, 2,0), respectively. Find the equation of the equipotential 
surface where the potential is zero. 

K Thinking Process 


The net electric potential at any point due to system of point charges is equal to the 
algebraic sum of electric potential due to each individual charges. 


Ans. Let the required plane lies at a distance x from the origin as shown in figure. 


IP 


e 
-d/2 O 
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The potential at the point P due to charges is given by 
1 q 1 q 
Ane, [x +a /2Y. + P]? Ane, [(x -d /2P + P^]? 
If net electric potential is zero, then 


1 1 

[x +d /2)% + HY? [x -a/2)« PI? 
Or x-d/2y +h? (x «d/2Y +h? 
=> x? -dx - d? [A2 x? +dx+d?/4 
Or 2dx 20 => x=0 


The equation of the required plane is x = O/.e., y-z plane. 


Q. 26A parallel plate capacitor is filled by a dielectric whose relative 
permittivity varies with the applied voltage (U) as £ =QU where 
a = 2V !. A similar capacitor with no dielectric is charged to U, = 78 V. 
It is then connected to the uncharged capacitor with the dielectric. Find 
the final voltage on the capacitors. 


K Thinking Process 


In this problem, the dielectric of variable permittivity is used which gives new insight in 
the ordinary problem. 
Ans. Assuming the required final voltage be U. If C is the capacitance of the capacitor without 
the dielectric, then the charge on the capacitor is given by Q, = CU 
Since, the capacitor with the dielectric has a capacitance eC. Hence, the charge on the 
capacitor is given by 
Q, = eCU = (œ U) CU =a CU 


The initial charge on the capacitor is given by 


Qo =CU, 
From the conservation of charges, Q) =Q; + Q, 
Or CU, =CU + a CU? 
> aU*® +U-U, =0 
PRENEZ yt 40 


20 


On solving for Up = 78V and a =2/V, we get 
U -6V 


Q. 27 A capacitor is made of two circular plates of radius R each, separated by 
a distance d «« R. The capacitor is connected to a constant voltage. A 
thin conducting disc of radius r «« R and thickness t «« r is placed at a 
centre of the bottom plate. Find the minimum voltage required to lift 
the disc if the mass of the disc is m. 


K Thinking Process 
The disc will be lifted when weight is balanced by electrostatic force. 


Ans. Assuming initially the disc is in touch with the bottom plate, so the entire plate is a 
equipotential. 
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The electric field on the disc, when potential difference V is applied across it, given by 
gv 
d 
Let charge q' is transferred to the disc during the process, 
Therefore by Gauss' theorem, 


q'= -£g V a? 


Since, Gauss theorem states that o= a org = * 
E 
= eEA = &V A 
d 
The force acting on the disc is 
PER E p 
E Xq'- £9 — Wr 
If the disc is to be lifted, then 
2 2 
sen mg = V mgd 
á negr? 


This is the required expression. 


Q. 28 (a) In a quark model of elementary particles, a neutron is made of one up 
quarks [charge (2/3) e] and two down quarks [charges — (1/3) e]. 
Assume that they have a triangle configuration with side length of the 
order of 10 7? m. Calculate electrostatic potential energy of neutron 
and compare it with its mass 939 MeV. 


(b) Repeat above exercise for a proton which is made of two up and one 
down quark. 


Ans. This system is made up of three charges. The potential energy of the system is equal to the 
algebraic sum of PE of each pair. So, 


ge! {fate We $e 


4n&y V r r r 
| 9x 10° -1932 2 
gig (16 x 10°" )* (0/3  -6/30/3-0/3 (1/3)}] 


= 2.304 x UE - $ = -7.68 x 107"J 
9 9 


= 4.8 x 10? eV = 048meV = 511 x 10 *(m,c?) 


Q. 29 Two metal spheres, one of radius R and the other of radius 2R, both have 
same surface charge density o. They are brought in contact and 
separated. What will be new surface charge densities on them? 


Ans. The charges on two metal spheres, before coming in contact, are given by 


Q = co.AnR? 
Q, = c.An(9R?) 
= 4 (o.AnR?) = 4Q, 


Let the charges on two metal spheres , after coming in contact becomes Q; and Q5. 
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Now applying law of conservation of charges is given by 
Qi + Q; -Q + Q, - 5Q, 
= 5(c.AnR?) 
After coming in contact, they acquire equal potentials. Therefore, we have 
iO 1-9 
4ne, R Ang R 


On solving, we get 


Qf = S(c4nR^)and Q= C(o.4nr?) 
6, = 5/30 and 
[0] -3a 

^ 6 


Q. 30 In the circuit shown in figure, initially K, is closed and K, is open. What 
are the charges on each capacitors? 
Then K, was opened and K, was closed (order is important), what will be 
the charge on each capacitor now? [C = 1uF] 
C1-6C K K 


l ?T ia 
E= N= 
9 “T 


Ans. In the circuit, when initially K, is closed and K, is open, the capacitors C, and C, acquires 
potential difference V, and V, respectively. So, we have 


V+, =E 
and V, + Vo = 9V 
Also, in series combination , V e 1/C 
V:V5-1/6:1/3 
On solving 
> V = 3V and V, = 6V 


Q, =C,V, = 6C x 3=18 uC 
Q, = 9uC and Q}; = 0 
Then, K, was opened and K, was closed, the parallel combination of C; and C, is in series 


with C,. 
Q =Q; + Q3 
and considering common potential of parallel combination as V, then we have 
C,V + CV =Q; 
5 v= Se =(3/2V 
C5 * C3 
On solving, Qs = (9/2) uC 


and Q4 = (9/2) uC 
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Q. 31 Calculate potential on the axis of a disc of radius R due to a charge Q 
uniformly distributed on its surface. 
Ans. Let the point P lies at a distance x from the centre of the disk and take the plane of the disk 


to be perpendicular to the x-axis. Let the disc is divided into a number of charged rings as 
shown in figure. 


dA = 2nn/r 


The electric potential of each ring, of radius r and width dr, have charge dq is given by 
o OA = o2mrar 

and potential is given by 

(Refer the solution of Q. 23) 

kdg | Koamdr 

rx? 4r + x? 


the total electric potential at P, is given by 


dv = 


where k, = 


ANE, 
2rdr 


JE + x? 
V =2rk 0 [(x? + a2)? — x] 
1 


V= nk, of. = nk, ef + x?y V?2r gr 


So, we have by substring k= 


ANE, 
1 2Q. [2 2 
y= EN + a? —x 
Ane, a? | 


Note You may take a =R in this problem. 


Q. 32 Two charges q, and q, are placed at (0, 0, d) and (0, 0, — d) respectively. 
Find locus of points where the potential is zero. 
K Thinking Process 


Here, 3-dimensional imagination is required to actualise the problem. Also, the net 
electric potential at any point due to system of point charges is equal to the algebraic 
sum of electric potential due to each individual charges. 
Ans. Let any arbitrary point on the required plane is (x, y, z) .The two charges lies on z-axis at a 
separation of 2d. 


The potential at the point P due to two charges is given by 


Q1 Jo = 0 
yx? +y (z-a? x? + (ay 
qı -Qo 


yx? +y +(z-dy x? +y+(z+dyP 
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On squaring and simplifying, we get 
2 
x+y +z [Q70 +1 (aa) is Magna d? -0 
la, /Ao)y - i| 
This is the equation of a sphere with centre at 
2 2 
0, 0, - 2d E i a 
qi —- 05 
Note The centre and radius of sphere (x — ay. -- (y by. - (z ^c). =° is (a,b,c) and r 
respectively. 


Q. 33 Two charges —q each are separated by distance 2d. A third charge + q is 
kept at mid-point 0. Find potential energy of + q as a function of small 
distance x from O due to -q charges. Sketch PE Vs/x and convince 
yourself that the charge at O is in an unstable equilibrium. 


Ans. Let third charge + q is slightly displaced from mean position towards first charge. So, the 
total potential energy of the system is given by 


"^ za sj Gea 
) 


dx | 4mney (d? - x?) 


On solving, x = 0. So for, +g charge to be in stable/unstable equilibrium, finding second 
derivative of PE. 


du _(-2dq2\f 2 8x? 
dx? ANE, la = x2)? a? = x | 
—2dq? 1 2 22 2 
- 2(d^-x 8x 
| Jas le TX [2 ( ) ] 
At x =0 
2 2 
on aaa ( 1 Jeo) which is < 0 
dx? Ane, }\d® 


This shows that system will be unstable equilibrium. 
Note For function y= f(x) on solving co gives critical points ie, points of local 
x 
maxima or local minima. If for any critical point, this imply that y acquires 
maximum value at x — x,, X= X 
d'y - : - dy 
—— > 0 this imply that y acquires minimum value at x= x, and for — <0 


dx. dx. 
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Multiple Choice Questions (MCQs) 


Q. 1 Consider a current carrying wire (current I) in the shape of a circle. 


Ans. (b) 


(a) source of emf 
(b) electric field produced by charges accumulated on the surface of wire 
(c) the charges just behind a given segment of wire which push them just the right 
way by repulsion 
(d) the charges ahead 
Current per unit area (taken normal to the current), I/A, is called current density and is 
denoted by j. The SI units of the current density are A / m*. The current density is also 
directed along E and is also a vector and the relationship is given by 
j= sE 
The j changes due to electric field produced by charges accumulated on the surface of 
wire. 
Note That as the currrent progresses along the wire, the direction of j (current density) 
changes in an exact manner, while the current I remain unaffected. The agent that is 
essentially responsible for this. 


Q. 2 Two batteries of emf e} and £, (£, >€,) and internal resistances r} and r, 
respectively are connected in parallel as shown in figure. 


(a) Two equivalent emf €,, of the two cells is between g; and £,, i.e., £j < Eq < €; 
(b) The equivalent emf £q is smaller than £; 
(c) The €,, is given by &, = € + €; always 
(d) &,, is independent of internal resistances r, and r, 
ë 


feq 


Ans. (a) The equivalent emf of this combination is given by 


= Soh + &h 

at 

This suggest that the equivalent emf &, of the two cells is given by 
£j € £y < Eo 


q 
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Q. 3 A resistance R is to be measured using a meter bridge, student chooses 
the standard resistance S to be 100Q. He finds the null point at 


I, 


— 2.9 cm. He is told to attempt to improve the accuracy. 


Which of the following is a useful way? 


Ans. (c) 


(a) He should measure J, more accurately 
(b) He should change S to 1000 O and repeat the experiment 
(c) He should change 5 to 3Q and repeat the experiment 
(d) He should given up hope of a more accurate measurement with a meter bridge 
K Thinking Process 

Here, the concept of accurate balanced Wheatstone bridge is to be used. 
The percentage error in R can be minimised by adjusting the balance point near the 
middle of the bridge, /.e., when I, is close to 50 cm. This requires a suitable choice 
of S. 


Since, n P - 4 


S R(100-1) 100-4 
Since here, R :S ::2.9: 97.1 imply that the S is nearly 33 times to that of R. In orded to 
make this ratio 1:1, itis necessary to reduce the value of S nearly » times /.e., nearly 3Q. 


Q. 4 Two cells of emfs approximately 5 V and 10 V are to be accurately compared 
using a potentiometer of length 400 cm. 


Ans. (b) 


(a) The battery that runs the potentiometer should have voltage of 8V 


(b) The battery of potentiometer can have a voltage of 15 V and R adjusted so that 
the potential drop across the wire slightly exceeds 10 V 


(c) The first portion of 50 cm of wire itself should have a potential drop of 10 V 
(d) Potentiometer is usually used for comparing resistances and not voltages 


K Thinking Process 


The potential drop across wires of potentiometer should be greater than emfs of primary 
cells. 


In a potentiometer experiment, the emf of a cell can be measured, if the potential drop 
along the potentiometer wire is more than the emf of the cell to be determined. Here, 
values of emfs of two cells are given as 5V and 10V, therefore, the potential drop along 
the potentiometer wire must be more than 10V. 


. 1 
Q. 5 A metal rod of length 10 cm and a rectangular cross-section of 1cm x 5 cm 


is 


connected to a battery across opposite faces. The resistance will be 


: : 1 
(a) maximum when the battery is connected across 1 cm c cm faces 


(b) maximum when the battery is connected across 10 cm x 1 cm faces 


; ; 1 
(c) maximum when the battery is connected across 10 cm Ke cm faces 


(d) same irrespective of the three faces 
K Thinking Process 


The resistance of wire depends on its geometry (length of the rod). Here, the metallic rod 
behaves as a wire. 
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Ans. (a) The resistance of wire is given by 


l 
B2p 
dn 


For greater value of R, | must be higher and A should be lower and it is possible only 
; 1 : 
when the battery is connected across 1 cm x | — |cm (area of cross-section A). 


Q. 6 Which of the following characteristics of electrons determines the current 
in a conductor? 


(a) Drift velocity alone 
b) Thermal velocity alone 


) 
) Both drift velocity and thermal velocity 
) Neither drift nor thermal velocity 


( 
(c 
(d 


Ans. (a) The relationship between current and drift speed is given by 


I= ne Av 
Here, Z is the current and v, is the drift velocity. 
So, Ivy 


Thus, only drift velocity determines the current in a conductor. 


Multiply Choice Questions (More Than One Options) 


Q. 7 Kirchhoff's junction rule is a reflection of 


(a) conservation of current density vector 
(b) conservation of charge 


(c) the fact that the momentum with which a charged particle approaches a 
junction is unchanged (as a vector) as the charged particle leaves the junction 
(d) the fact that there is no accumulation of charges at a junction 


Ans. (b, d) 


Kirchhoff's junction rule is also known as Kirchhoff's current law which states that the 


algebraic sum of the currents flowing towards any point in an electric network is zero. /.e., 
charges are conserved in an electric network. 


So, Kirchhoff's junction rule is the reflection of conservation of charge 


Q. 8 Consider a simple circuit shown in figure stands for a variable resistance 


R'.R' can vary from Rọ to infinity. r is internal resistance of the battery 
(re«R««R,). 
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a) Potential drop across AB is nearly constant as R' is varied 
b) Current through R'is nearly a constant as R' is varied 
C) Current I depends sensitively on R' 


( 
( 
( 
(d 


Ss AS. 


Joa always 
r+R 


Ans. (a, d) 
Here, the potential drop is taking place across AB and r. Since the equivalent resistance of 


V 
always. 
r+ 


parallel combination of R and R' is always less than R, therefore I = 


Note in parallel combination of resistances, the equivalent resistance is smaller than 
smallest resistance present in combination. 


Q. 9 Temperature dependence of resistivity p(T) of semiconductors, insulators 
and metals is significantly based on the following factors 
(a) number of charge carriers can change with temperature T 
( 


b) 
(c) length of material can be a function of T 
d) 


( 


time interval between two successive collisions can depend on T 


mass of carriers is a function of T 


Ans. (a, b) 
The resistivity of a metallic conductor is given by, 
m 
~ne*t 


where n is number of charge carriers per unit volume which can change with temperature T 
and z is time interval between two successive collisions which decreases with the increase 
of temperature. 


Q. 10 The measurement of an unknown resistance R is to be carried out using 
Wheatstones bridge as given in the figure below. Two students perform 
an experiment in two ways. The first students takes R, =10Q and 
R, =5Q. The other student takes R, =1000Q and R,=500Q. In the 


standard arm, both take R; = 5O. 


R 
Both find R = FE R, = 10Q within errors. 
1 


(a) The errors of measurement of the two students are the same 


(b) Errors of measurement do depend on the accuracy with which R, and R, can be 
measured 
(c) If the student uses large values of R, and R, the currents through the arms will be 
feeble. This will make determination of null point accurately more difficult 
(d) Wheatstone bridge is a very accurate instrument and has no errors of 
measurement 
Ans. (0, c) 
Given, for first student, R, 2100, R =5Q,R,=5Q 
For second student, R} = 500 Q, R =52 
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Now, according to Wheatstone bridge rule, 


Ra R = R=R,x Rp ...(i) 
R R R, 


Now putting all the values in Eq. (i), we get R=10Q for both students. Thus, we can 
analyse that the Wheatstone bridge is most sensitive and accurate if resistances are of 
same value. 

Thus, the errors of measurement of the two students depend on the accuracy and sensitivity 
of the bridge, which inturn depends on the accuracy with which R, and R} can be measured. 


When R, and R; are larger, the currents through the arms of bridge is very weak. This can 
make the determination of null point accurately more difficult. 


Q. 11 In a meter bridge, the point D is a neutral point (figure). 
(a) The meter bridge can have no other neutral. A point for this set of resistances 


(b) When the jockey contacts a point on meter wire left of D, current flows to B 
from the wire 


(c) When the jockey contacts a point on the meter wire to the right of D, current 
flows from B to the wire through galvanometer 


(d) When R is increased, the neutral point shifts to left 


R S 
vW- p 
B 
A m To? 100 - J, E 
D 


Ans. (a, c) 
At neutral point, potential at B and neutral point are same. When jockey is placed at to the 
right of D, the potential drop across AD is more than potential drop across AB, which brings 
the potential of point D less than that of B, hence current flows from B to D. 
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Very Short Answer Type Questions 


Q. 12 Is the motion of a charge across junction momentum conserving? Why or 
why not? 
Ans. When an electron approaches a junction, in addition to the uniform electric field E facing it 


normally. It keep the drift velocity fixed as drift velocity depend on E by the relation drift 
velocity 
eEt 
Vg —— 
m 
This result into accumulation of charges on the surface of wires at the junction. These 
produce additional electric field. These fields change the direction of momentum. 


Thus, the motion of a charge across junction is not momentum conserving. 


Q. 13 The relaxation time t is nearly independent of applied E field whereas it 
changes significantly with temperature 7. First fact is (in part) 
responsible for Ohm's law whereas the second fact leads to variation of p 
with temperature. Elaborate why? 


K Thinking Process 
The higher drift velocities of electrons make collisions more frequent which in turn 
decreases the time interval between two successive collision. 

Ans. Relaxation time is inversely proportional to the velocities of electrons and ions. The applied 
electric field produces the insignificant change in velocities of electrons at the order of 
1mm/s, whereas the change in temperature (T) , affects velocities at the order of 10? m/s. 
This decreases the relaxation time considerably in metals and consequently resistivity of 


metal or conductor increases as . 
m 


1 
p-—- 
o ne?« 


Q. 14 What are the advantages of the null-point method in a Wheatstone 
bridge? What additional measurements would be required to calculate 
Runknown DY any other method? 

Ans. The advantage of null point method in a Wheatstone bridge is that the resistance of 


galvanometer does not affect the balance point, there is no need to determine current in 
resistances and the internal resistance of a galvanometer. 


It is easy and convenient method for observer. 


The A454, can be calculated applying Kirchhoff's rules to the circuit. We would need 
additional accurate measurement of all the currents in resistances and galvanometer and 
internal resistance of the galvanometer. 


Note The necessary and sufficient condition for balanced Wheatstone bridge is 


Q S 
where P and Q are ratio arms and R is known resistance and S is unknown 
resistance. 
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Q. 15 What is the advantage of using thick metallic strips to join wires in a 
potentiometer? 

Ans. In potentiometer, the thick metallic strips are used as they have negligible resistance and 

need not to be counted in the length 4 of the null point of potentiometer. It is for the 


convenience of experimenter as he measures only their lengths along the straight wires 
each of lengths 1 m. 


This measurements is done with the help of centimetre scale or metre scale with accuracy. 


Q.16 For wiring in the home, one uses Cu wires or AL wires. What 
considerations are involved in this? 


K Thinking Process 


The availability, conductivity and the cost of the metal are main criterion for the 
selection of metal for wiring in home. 


Ans. The Cu wires or Al wires are used for wiring in the home. 


The main considerations are involved in this process are cost of metal, and good 
conductivity of metal. 


Q. 17 Why are alloys used for making standard resistance coils? 
Ans. Alloys have small value of temperature coefficient of resistance with less temperature 
sensitivity. 


This keeps the resistance of the wire almost constant even in small temperature change. 
The alloy also has high resistivity and hence high resistance, because for given length and 
cross-section area of conductor. (L and A are constant) 


Rep 


Q. 18 Power P is to be delivered to a device via transmission cables having 
resistance R.. If V is the voltage across R and I the current through it, 
find the power wasted and how can it be reduced. 


Ans. The power consumption in transmission lines is given by P — j?R, , where R, is the 
resistance of transmission lines. The power is given by 
P-VI 
The given power can be transmitted in two ways namely (i) at low voltage and high current 


or (ii) high voltage and low current. In power transmission at low voltage and high current 
more power is wasted as Pei? whereas power transmission at high voltage and low current 


facilitates the power transmission with minimal power wastage. 
The power wastage can be reduced by transmitting power at high voltage. 
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Q. 19 AB is a potentiometer wire (figure). If the value of R is increased, in 
which direction will the balance point J shift? 

i R 

| 


yi 
T7 


Ans. With the increase of R, the current in main circuit decreases which in turn , decreases the 


potential difference across AB and hence potential gradient(k) across AB decreases. 


Since, at neutral point, for given emf of cell, Z increases as potential gradient (k) across AB 
has decreased because 


— 


E=kI 
Thus, with the increase of J, the balance point neutral point will shift towards B. 


Q. 20 While doing an experiment with potentiometer (figure) it was found that 
the deflection is one sided and (i) the deflection decreased while 
moving from one and A of the wire, to the end R; (ii) the deflection 
increased, while the jockey was moved towards the end D. 

E 


Il 


B 
E Ô 
x Y 
(i) Which terminal positive or negative of the cell E, is connected at X in 
case (i) and how is £4, related to E? 
(ii) Which terminal of the cell E} is connected at X in case (1 in 1)? 


Ans. (i) The deflection in galvanometer is one sided and the deflection decreased, while moving 
from one end 'A' of the wire to the end 'B', thus imply that current in auxiliary circuit 
(lower circuit containing primary cell) decreases, while potential difference across A and 
jockey increases. 


—— 


This is possible only when positive terminal of the cell E,, is connected at X and  £, >E. 

(ii) The deflection in galvanometer is one sided and the deflection increased, while moving 
from one end A of the wire to the end B, this imply that current in auxiliary circuit (lower 
circuit containing primary cell) increases, while potential difference across A and jockey 
increases. 


This is possible only when negative terminal of the cell £, is connected at X. 
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Q. 21 A cell of emf E and internal resistance r is connected across an external 
resistance R. Plot a graph showing the variation of potential differential 
across R, versus R. 


K Thinking Process 


When the cell of emf E and internal resistance r is connected across an external 
resistance R, the relationship between the voltage across R is given by 


V= 


r 
1+- 
R 

With the increase of R , V approaches closer to E and when E is infinite , V reduces to 0. 


Ans. The graphical relationship between voltage across R and the resistance R is given below 
V 


Short Answer Type Questions 


Q. 22 First a set of n equal resistors of R each are connected in series to a 
battery of emf E and internal resistance R, A current I is observed to 
flow. Then, the n resistors are connected in parallel to the same battery. 
It is observed that the current is increased 10 times. What is 'n' ? 


K Thinking Process 


Here, in series combination of resistors, the equivalent resistance of series combination is 
in series with the internal resistance R of battery resistors whereas in parallel 
combination of resistors , the equivalent resistance of parallel combination is in series 
with the internal resistance of battery. 


Ans. In series combination of resistors, current J is given by I = E E A 
+n 
whereas in parallel combination current 10 7 is given by 
g g 7101 
R+— 
n 


Now, according to problem, 


Ded = 10=(122)n S n 
1-— 1 
n 
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Q. 23 Let there be n resistors R,....... Ra With Au emmax( esses R,) and 


Rain = Min{R, _R,}. Show that when they are connected in parallel, 
the resultant resistance R, = Rmin and when they are connected in 


series, the resultant resistance R, > Rmax- Interpret the result physically. 


Ans. When all resistances are connected in parallel, the resultant resistance Rp is given by 
1 1 1 


—— 7 qu 
Hy Pi Rp 
On multiplying both sides by Rin we have 
Pii = Rmin 4 Rmin E S Rmin 
Rp Pi Ro R, 


Here, in RHS, there exist one term Plin =1and other terms are positive, so we have 
min 
Rmin = Prin + Rmin E 


R R R, 


This shows that the resultant resistance R, < Rmin: 


Thus, in parallel combination, the equivalent resistance of resistors is less than the 
minimum resistance available in combination of resistors . Now, in series combination, the 
equivalent resistant is given by 


Here, in RHS, there exist one term having resistance Rmax- 


So, we have 
or Rs Roe Roa FAR, 

Rg= Ry F a F Rra t Ra = Pia T a (Ay SEEMS 
or R. 2R 


Thus, in series combination, the equivalent resistance of resistors is greater than the 
maximum resistance available in combination of resistors. Physical interpretation 


Rmin 
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In Fig. (b), Rmin provides an equivalent route as in Fig. (a) for current. But in addition there 
are (n—1) routes by the remaining (n —1) resistors. Current in Fig. (b) is greater than current in 


Fig. (a). Effective resistance in Fig. (b) < Rmin: Second circuit evidently affords a greater 
resistance. 
Rmin Rmin 
|! || 
V V 
(c) (d) 


In Fig. (d), R4, provides an equivalent route as in Fig. (c) for current. Current in Fig. (d) < 
current in Fig. (c). Effective resistance in Fig. (d) > Rmax: Second circuit evidently affords a 
greater resistance. 


Q. 24 The circuit in figure shows two cells connected in opposition to each 


other. Cell £;is of emf 6V and internal resistance 2Q the cell E, is of emf 
4V and internal resistance 8Q. Find the potential difference between the 


points A and B. 


$D 


K Thinking Process 


Here, after finding the electric current flow in the circuit by using Kirchhoffs law or Ohm's 
law, the potential difference across AB can be obtained. 


Ans. Applying Ohm's law. 


eU 


Effective resistance 22 Q+ 80.— 100 and effective emf of two cells = 6 — 4 - 2V, so the 
electric current is given by 
94 09A 
248 
along anti-clockwise direction, since E, > E,. 
The direction of flow of current is always from high potential to low potential. Therefore 
Vg > V4. 
> Vg - AV - (0.2) x 8= V, 
Therefore, Vg — V4 =3.6V 


T= 
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Q. 25 Two cells of same emf E but internal resistance r, andr, are connected 
in series to an external resistor R (figure). What should be the value of R 
so that the potential difference across the terminals of the first cell 
becomes zero? 


B 
e 


A 
| = 
E E 


K Thinking Process 
Here, after finding the electric current flow in the circuit by using Kirchhoff 's law or 
Ohm's law, the potential difference across first cell can be obtained. 
Ans. Applying Ohm's law, 
Effective resistance = R + 4  r, and effective emf of two cells = E + E =2E, so the electric 
current is given by 


je BR 
R+h+h 
The potential difference across the terminals of the first cell and putting it equal to zero. 
2E 
V=E-h=EẸ A= 
htn5n-R 
or E- BER 1= 2h 
htn5n-R ht5-BR 


L+R +R=2} > Bzaq-r 
This is the required relation. 


Q. 26 Two conductors are made of the same material and have the same 
length. Conductor A is a solid wire of diameter 1mm. Conductor B is a 


hollow tube of outer diameter 2mm and inner diameter 1mm. 
Find the ratio of resistance R, to Rg. 


K Thinking Process 


The resistance of wire is given by R=p 


>) 


where A is cross-sectional area of conductor. 


Ans. The resistance of first conductor 


The resistance of second conductor, 
= pl 
Rg 32 32 
n[(107)* -(0.5x10~°)*] 


Now, the ratio of two resistors is given by 
R, (09^ -(05x103* - 
Rp (05 x 103? 


Se 
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Q. 27 Suppose there is a circuit consisting of only resistances and batteries. 
Suppose one is to double (or increase it to n-times) all voltages and all 
resistances. Show that currents are unaltered. Do this for circuit of 
Examples 3,7 in the NCERT Text Book for Class XII. 


K Thinking Process 
The electric current in two cases is obtained and then shown equal to each other 


Ans. Let the effective internal resistance of the battery is R, the effective external resistance R 
and the effective voltage of the battery is V... 
Applying Ohm's law, 
Then current through R is given by 


Rett 


If all the resistances and the effective voltage are increased n-times, then we have 
new _ new _ 
Vor = Va Rep T Ree 


and R'*" =nR 
Then, the new current is given by 
qu Des 0 D) 0 (D) I 


NR t+NR nRa +R) (Rey +R) 


Thus, current remains the same. 


Long Answer Type Questions 


Q. 28 Two cells of voltage 10V and 2V and 10Q internal resistances 10Q and 
5Q respectively, are connected in parallel with the positive end of 10V 
battery connected to negative pole of 2V battery (figure). Find the 


effective voltage and effective resistance of the combination. 


R 
WW 
Th 
2N 
i WW 
A 5Q 
10V 
<| w- 
Ti 100 


K Thinking Process 
The question can be solved by using Kirchhoffs voltage rule/ loop rule. 
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Ans. Applying Kirchhoff's junction rule, L=I+I, 
Applying Kirchhoffs Il law/loop rule applied in outer loop containing 10V cell and 
resistance R, we have 


10 2 IR « 101, (i) 
Applying Kirchhoff Il law / loop rule applied in outer loop containing 2V cell and resistance R, 
we have 

2-5L, - RI-5(l - I) - RI 
or 4-101, - 107 - 2RI (ii) 
Solving Eqs. (i) and (ii), gives 
> 6 = 3RI + 107 

2 = I(r + £) 

3 

Also, the external resistance is R . The Ohm's law states that 

V=R +R) 
On comparing, we have V = 2V and effective internal resistance 

10 
(Rest 2) 


Since, the effective internal resistance (Rẹ) of two cells is (Ze being the parallel 


combination of 5Q and 10Q. The equivalent circuit is given below 


R R 
WW WW 
A 
2V 
1 |w = H 
5Q h 
10V 
g< mw- «] ww- 
2 100 Veg Pett 


Q. 29 A room has AC run for 5 a day at a voltage of 220V. The wiring of the 
room consists of Cu of 1 mm radius and a length of 10m. Power 
consumption per day is 10 commercial units. What fraction of it goes in 
the joule heating in wires? What would happen if the wiring is made of 
aluminium of the same dimensions? 


[Peu = 117 x 10 * Om, pa = 27 x 10? Om] 


K Thinking Process 


The power consumption in a current carrying resistor is given by P =PR 


Ans. Power consumption in a day i.e., in 5 — 10 units 
Or power consumption per hour — 2units 
Or power consumption = 2units = 2KW = 2000J/s 
Also, we know that power consumption in resistor, 
P-Vxl 
> 2000W =220V x lor 1=9A 
Now, the resistance of wire is given by R = P 


where, A is cross-sectional area of conductor. 
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Power consumption in first current carrying wire is given by 
P=PR 


l 


pz Ê =1.7 x10°x 10 


tT x10 


x81 J/s «4 J/s 


6 
The fractional loss due to the joule heating in first wire = - x 100 = 02% 


Power loss in Al wire = 4PA. =1.6x 4 = 64J/s 
Pcu 


64 100 = 03296 
000 


The fractional loss due to the joule heating in second wire = 3 


Q. 30 In an experiment with a potentiometer, V, = 10V. R is adjusted to be 


50Q (figure). A student wanting to measure voltage £, of a battery 
(approx. 8V) finds no null point possible. He then diminishes R to 
10Q and is able to locate the null point on the last (4th) segment of the 
potentiometer. Find the resistance of the potentiometer wire and 
potential drop per unit length across the wire in the second case. 


E 
i mic 33 
2 
18 
N¢ 
AR 


(Ho 
K Thinking Process 


The null point is obtained only when emf of primary cell is less than the potential 
difference across the wires of potentiometer. 


Ans. Let P' be the resistance of the potentiometer wire. 

Effective resistance of potentiometer and variable resistor (R = 50Q) is given by = 500. + R’ 
Effective voltage applied across potentiometer = 10V. 

The current through the main circuit, 


B V 10 
50Q2+R 50Q+R 
Potential difference across wire of potentiometer, 


IR’= 10R* 
509+ R 
Since with 50Q resistor, null point is not obtained it's possible only when 
10xR P 
50+ R 
> 10R'« 400 + 8R’ 


2R’ < 4000rR'« 2000. 
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Similarly with 10Q resistor , null point is obtained its possible only when 
10xR' 
28 


104 R' 

2R’> 80 

R’> 40 

10x23 R 
4 


=> 
=> 


eee ENS 
10+ R’ 


> 7.5R' < 80+ 8R’ 
R’> 160 
=> 160 « R'« 200. 
Any R’ between 160Q and 200 Q will achieve. 
Since, the null point on the last (4th) segment of the potentiometer, therefore potential drop 
across 400 cm of wire » 8V. 
This imply that potential gradient 
k x 400cm» 8V 
Or kx4m»8V 
k>2V/m 
Similarly, potential drop across 300 cm wire < 8V. 
k x 300cm< 8V 


or k x 3m« BV, k«2 Vm 


Thus, 2 Vm» k> 2V fm 


Q. 31 (a) Consider circuit in figure. How much energy is absorbed by electrons 
from the initial state of no current (Ignore thermal motion) to the 
state of drift velocity ? 


R= 6Q 
WM 


YI 


«|! 

V — 6v 

(b) Electrons give up energy at the rate of RI? per second to the thermal 
energy. What time scale would number associate with energy in 
problem (a)? n = number of electron/volume = 10° / m?. Length of 
circuit = 10 cm, cross-section- A = (1 mm)?. 


K Thinking Process 
The current in a conductor and drift velocity of electrons are related as i=neAvy, 
where v jis drift speed of electrons and n is number density of electrons. 
Ans. (a) By Ohm's law, current I is given by 
I=6V/6Q=1A 
But, I = net Av, orv, — 
neA 
On substituting the values 
For, n = number of electron/volume = 107? m? 
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length of circuit = 10cm, cross-section = A = (Imm)? 
E 1 
10° x 16x10? x 10° 


= x104 m/s 
1.6 


Vg 


Therefore, the energy absorbed in the form of KE is given by 
KE= im v? xnAI 


=1y91x% 10% x LT x 10 x 108 x 108 x 10 
2 2.56 


2x10 J 
(b) Power loss is given by P = I? R = 6x 1° = 6W = 6J/s 
Since, P == 
Therefore, E=Pxt 
or pF 2x10" 10 7s 


Moving Charges 
and Magnetism 


Multiple Choice Questions (MCQs) 


Q. 1 Two charged particles traverse identical helical paths in a completely 
opposite sense in a uniform magnetic field B = Bk. 


(a) They have equal z-components of momenta 

(b) They must have equal charges 

(c) They necessarily represent a particle, anti-particle pair 
(d) The charge to mass ratio satisfy 


OOE 
Im A m jo 
K Thinking Process 


The uniqueness of helical path is determined by its pitch which is given by 


Pitch = 21mvcos0 
gB 


Ans. (d) For given pitch d correspond to charge particle, we have 
q  2nvcos8 


m gB 


= constant 


Since, charged particles traverse identical helical paths in a completely opposite sense 
in a uniform magnetic field B, LHS for two particles should be same and of opposite 


sign. Therefore, 
a 
mA mjo 


Note Consider e in place of q in solution. 


Q. 2 Biot-Savart law indicates that the moving electrons (velocity v) produce 
a magnetic field B such that 

(a) B is perpendicular of 

(b) B is parallel to v 

(c) it obeys inverse cube law 

(d) it is along the line joining the electron and point of observation 
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K Thinking Process 
Here use of Biot-Savart law play vital role. 
Ans. (a) In Biot-Savart's law, magnetic field B|| idlxr and idl due to flow of electron is in 
opposite direction of v and by direction of cross product of two vectors 
Blv 


Q. 3 A current carrying circular loop of radius R is placed in the x-y plane 
with centre at the origin. Half of the loop with x > 0 is now bent so that 
it now lies in the y-z plane. 

(a) The magnitude of magnetic moment now diminishes 

(b) The magnetic moment does not change 

(c) The magnitude of B at (0,0, z), z > R increases 

(d) The magnitude of B at (0,0, z), z >>R is unchanged 


K Thinking Process 
The magnetic moment of circular loop and the net magnitudes of magnetic moment of 
each semicircular loop of radius R lie in the x-y plane and the y-z plane are compared. 


Ans. (a) The direction of magnetic moment of circular loop of radius R is placed in the x-y plane 
is along z-direction and given by M = I (rr^), when half of the loop with x > 0 is now 
bent so that it now lies in the y-z plane, the magnitudes of magnetic moment of each 
semicircular loop of radius A lie in the x-y plane and the y-z plane is M’ = I (mr?) /4 and 
the direction of magnetic moments are along z-direction and x-direction respectively. 


Maa 24M? + M? - 42 M'- 42 I(n?)/4 


So, Mnet < M or M diminishes. 


Their resultant 


Q. 4 An electron is projected with uniform velocity along the axis of a current 
carrying long solenoid. Which of the following is true? 

(a) The electron will be accelerated along the axis 

(b) The electron path will be circular about the axis 

(c) The electron will experience a force at 45? to the axis and hence execute a 
helical path 

(d) The electron will continue to move with uniform velocity along the axis of the 
solenoid 


K Thinking Process 
Here, magnetic lorentz force comes into existence when a charge moves in uniform 
magnetic field produces by current carrying long solenoid. 

Ans. (d) Magnetic Lorentz force electron is projected with uniform velocity along the axis of a 
current carrying long solenoid F = — evB sin180? = 0 (0 = 0°) as magnetic field and 
velocity are parallel. The electron will continue to move with uniform velocity along the 
axis of the solenoid. 


Q. 5 In a cyclotron, a charged particle 

(a) undergoes acceleration all the time 

b) speeds up between the dees because of the magnetic field 
C) speeds up in a dee 
d) slows down within a dee and speeds up between dees 


( 
( 
( 


Moving Charges and Magnetism 59 


K Thinking Process 
Here, understanding of working of cyclotron is needed. 
Ans. (a) The charged particle undergoes acceleration as 
(i) speeds up between the dees because of the oscillating electric field and 


(ii) speed remain the same inside the dees because of the magnetic field but 
direction undergoes change continuously. 


Q.6 A circular current loop of magnetic moment M is in an arbitrary 
orientation in an external magnetic field B. The work done to rotate the 
loop by 30? about an axis perpendicular to its plane is 


(a) MB (b) V3 = 
(c) = (d) zero 


K Thinking Process 


The rotation of the loop by 30° about an axis perpendicular to its plane imply that the 
axis of the loop still continues to inclined with the same angle with the direction of 


magnetic field . 

Ans. (a) The rotation of the loop by 30° about an axis perpendicular to its plane make no 
change in the angle made by axis of the loop with the direction of magnetic field, 
therefore, the work done to rotate the loop is zero. 

Note The work done to rotate the loop in magnetic field W = MB (cos0;— cos.) where 
signs are as usual. 


Q.7 The gyro-magnetic ratio of an electron in an H-atom, according to Bohr 
model, is 
(a) independent of which orbit it is in 
(b) negative 
(c) positive 
(d) increases with the quantum number n. 
K Thinking Process 
The gyro-magnetic ratio of an electron in an H-atom is equal to the ratio of the magnetic 
moment and the angular momentum of the electron. 


Ans. (a) If I is the magnitude of the angular momentum of the electron about the central 
nucleus (orbital angular momentum). Vectorially, 


ji eec 1 
l om, 
The negative sign indicates that the angular momentum of the electron is opposite in 
direction to the magnetic moment. 
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Multiple Choice Questions (More Than One Options) 


Q. 8 Consider a wire carrying a steady current, I placed in a uniform magnetic 
field B perpendicular to its length. Consider the charges inside the wire. 
It is known that magnetic forces do no work. This implies that, 


(a) motion of charges inside the conductor is unaffected by B, since they do not 
absorb energy 

(b) some charges inside the wire move to the surface as a result of B 

(c) If the wire moves under the influence of B, no work is done by the force 

(d) if the wire moves under the influence of B, no work is done by the magnetic 
force on the ions, assumed fixed within the wire. 


Ans. (b, d) 
Magnetic forces on a wire carrying a steady current, I placed in a uniform magnetic field B, 
a wire carrying a steady current, J placed in a uniform magnetic field B perpendicular to its 
length is given by 
F = IIB 
The direction of force is given by Fleming's left hand rule and F is perpendicular to the 
direction of magnetic field B. Therefore, work done by the magnetic force on the ions is zero. 


Q. 9 Two identical current carrying coaxial loops, carry current I in an 
opposite sense. A simple amperian loop passes through both of them 
once. Calling the loop as C, 
(a) PB. dl=mp oI 


(b) the value of pB. dl = +249 7 is independent of sense of C 


(c) there may be a point on C where, B and dl are perpendicular 

(d) B vanishes everywhere on C 

K Thinking Process 

The Ampere's circuital law is to be applied on given situation. 
Ans. (b, c) 
Applying the Ampere's circuital law, we have 

$ B.dl=u (Z-Z7)=0 (because current is in opposite sense.) 
[e] 


Also, there may be a point on C where B and dl are perpendicular and hence, 
)B.dl =0 
[e] 


Q. 10A cubical region of space is filled with some uniform electric and 
magnetic fields. An electron enters the cube across one of its faces with 
velocity v and a positron enters via opposite face with velocity — v. At 
this instant, 

a) the electric forces on both the particles cause identical accelerations 

b) the magnetic forces on both the particles cause equal accelerations 

c) both particles gain or loose energy at the same rate 


( 
( 
(c) 

(d) the motion of the Centre of Mass (CM) is determined by B alone 
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K Thinking Process 


The Lorentz force is experienced by the single moving charge in space is filled with some 
uniform electric and magnetic fields is given by F = qE + q(v XB). 


Ans. (b, C, d) 
The magnetic forces F=q(v xB), on charge particle is either zero or F is perpendicular to v 
(or component of v) which in turn revolves particles on circular path with uniform speed. In 
both the cases particles have equal accelerations. 


Both the particles gain or loss energy at the same rate as both are subjected to the same 
electric force (F =q E) in opposite direction. 


Since, there is no change of the Centre of Mass (CM) of the particles , therefore the motion 
of the Centre of Mass (CM) is determined by B alone. 


Q. 11 A charged particle would continue to move with a constant velocity in a 
region wherein, 
(a)E=0,B4#0 (b) 
(c)E#0,B=0 (d) 
K Thinking Process 


The Lorentz force is experienced by the single moving charge in space is filled with some 
uniform electric and magnetic fields is given by F 2 qE + q(v XB) 


Ans. (a, b, d) 
Here, force on charged particle due to electric field F- = qE. 
Force on charged particle due to magnetic field, F,, = q (v x B) 
Now, Fg = Oif E = O and F,, = Oif sin © = O or 8? = 0° or 180° 
Hence, B z 0. 
Also, E = Oand B= 0 and the resultant force g E +g (v xB)- 0. In this case E  OandB#0 


Very Short Answer Type Questions 


Q. 12 Verify that the cyclotron frequency o — eB /m has the correct 
dimensions of [T] *. 


Ans. For a charge particle moving perpendicular to the magnetic field, the magnetic Lorentz 
forces provides necessary centripetal force for revolution. 


2 
mv 
——— 2gvB 
R q 
On simplifying the terms, we have 
qB v 
3i == 
m R 


Finding the dimensional formula of angular frequency 
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Q. 13 Show that a force that does no work must be a velocity dependent force. 


Ans. Let no work is done by a force , so we have 


dW =F.dl= 0 
> F.v at =0 (Since, dl=v dt and dt + 0) 
> F.v=0 


Thus, F must be velocity dependent which implies that angle between F and v is 90°. If v 
changes (direction), then (directions) F should also change so that above condition is 
satisfied, 


Q. 14The magnetic force depends on v which depends on the inertial frame of 
reference. Does then the magnetic force differ from inertial frame to 
frame? Is it reasonable that the net acceleration has a different value in 
different frames of reference? 

Ans. Yes, the magnetic force differ from inertial frame to frame. The magnetic force is frame 

dependent. 


The net acceleration which comes into existing out of this is however, frame independent 
(non -relativistic physics) for inertial frames. 


Q. 15 Describe the motion of a charged particle in a cyclotron if the frequency 
of the radio frequency (rf) field were doubled. 


K Thinking Process 


The relationship of radio frequency and charge particle frequency must be equal in order 
to accelerate the charge particle between the dees in cyclotron. 


Ans. Here, the condition of magnetic resonance is violated. 
When the frequency of the radio frequency (rf) field were doubled, the time period of the 
radio frequency (rf) field were halved. Therefore, the duration in which particle completes 
half revolution inside the dees, radio frequency completes the cycle. 


Hence, particle will accelerate and decelerate alternatively. So, the radius of path in the dees 
will remain same. 


Q. 16Two long wires carrying current I,and I, are arranged as shown in figure. 
The one carrying current I,is along is the x-axis. The other carrying 
current I, is along a line parallel to the y-axis given by x =0 and z = d. 
Find the force exerted at o, because of the wire along the x-axis. 

ZA 
Op 


| el Ip 


d 


y , 


O4 
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K Thinking Process 


Here, the understanding of application of the rule of finding directions of magnetic field 
and magnetic force on current carrying wire placed in magnetic field is beautifully tested. 


Ans. In Biot- Savart law, magnetic field B is parallel to idl x r and idl have its direction along the 
direction of flow of current. 
Here, for the direction of magnetic field, At O5, due to wire carrying J, current is 
B || parallel idl xrorixk but i x k = =j 
So, the direction at O, is along Y- direction. 


The direction of magnetic force exerted at O; because of the wire along the, x-axis. 
F-IlxBejx(-j-0 


So, the magnetic field due to J, is along the y-axis. The second wire is along the y-axis 
and hence, the force is zero. 


Short Answer Type Questions 


Q. 17A current carrying loop consists of 3 identical quarter circles of radius R, 
lying in the positive quadrants of the x-y, y-z and z-x planes with their 
centres at the origin, joined together. Find the direction and magnitude 
of B at the origin. 

K Thinking Process 
The magnetic field due to arc of current carrying coil which subtends an angle 9 at centre 


Y HQ I 8 
is given by B EC 
Ans. For the current carrying loop quarter circles of radius R, lying in the positive quadrants of 
the x-y plane 
B; Ho I (1/2)e _ Ho I k 
4n R 4 2R 
For the current carrying loop quarter circles of radius R, lying in the positive quadrants of the 
y-z plane 
-Ho d. 
? 4 2R 
For the current carrying loop quarter circles of radius R, lying in the positive quadrants of the 
z-x plane 
B, = Ho di 
4 2R 


Current carrying loop consists of 3 identical quarter circles of radius R, lying in the positive 
quadrants of the x-y, y-y and z-z planes with their centres at the origin, joined together is 
equal to the vector sum of magnetic field due to each quarter and given by 
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Q. 18A charged particle of charge e and mass m is moving in an electric field E 
and magnetic field B. Construct dimensionless quantities and quantities 
of dimension [T] ^. 

Ans. No dimensionless quantity can be constructed using given quantities. 


For a charge particle moving perpendicular to the magnetic field, the magnetic Lorentz 
forces provides necessary centripetal force for revolution. 


2 
UM -qvB 
On simplifying the terms, we have 
qB v 
IP Vs = 
m R 


This is the required expression. 


Q. 19An electron enters with a velocity v = Voi into a cubical region (faces 
parallel to coordinate planes) in which there are uniform electric and 
magnetic fields. The orbit of the electron is found to spiral down inside 
the cube in plane parallel to the x-y plane. Suggest a configuration of 
fields E and B that can lead to it. 


K Thinking Process 


The magnetic field revolves the charge particle in uniform circular motion in x-y plane 
and electric field along x-direction increases the speed, which in turn increases the radius 
of circular path and hence, particle traversed on spiral path. 


Ans. Considering magnetic field B = By k, and an electron enters with a velocity V=Voi into a 
cubical region (faces parallel to coordinate planes). 
The force on electron, using magnetic Lorentz force, is given by 
F--e (vai xB)k)=ev,By i 
which revolves the electron in x-y plane. 
The electric force F=—-eE, k accelerates e along z-axis which in turn increases the radius of 
circular path and hence particle traversed on spiral path. 


Q. 20Do magnetic forces obey Newton's third law. Verify for two current 
elements dl, — dli located at the origin and dl, - dl j located at 


(0, R, 0). Both carry current J. 


K Thinking Process 


Here, the understanding of application of the rules of finding directions of magnetic field 
and magnetic force on current carrying wire placed in magnetic field is needed. 


Ans. In Biot-Savart's law, magnetic field B is parallel (Il) to idl x r and idl have its direction along 
the direction of flow of current. 


Here, for the direction of magnetic field, At dl,, located at (0, R, 0)due to wire d, is given by 
B|| idlxror i xj (because point (0, R, 0) lies on y-axis), but i xj =k 
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So, the direction of magnetic field atd, is along z-direction. 

The direction of magnetic force exerted at d; because of the first wire along the x-axis. 

F =i (I xB)ie,F||(i xk)oralong =j direction. 

Therefore, force due to dl, on dl, is non-zero. 

Now, for the direction of magnetic field, At d, located at (0, 0, 0) due to wired, is given by 
B|| idl xr orj x sl (because origin lies on y-direction w.r.t. point (0, R, 0).), but j x -j =0. 
So, the magnetic field at d, does not exist. 

Force due to dl, on dl, is zero. 

So, magnetic forces do not obey Newton's third law. 


Q. 21A multirange voltmeter can be constructed by using a galvanometer 


Ans. 


circuit as shown in figure. We want to construct a voltmeter that can 
measure 2V, 20V and 200V using a galvanometer of resistance 10€. and 
that produces maximum deflection for current of 1 mA. Find R,, Rand 
R, that have to be used. 


G VWV WW =v WwW 


2V 20V 200V 


K Thinking Process 


A galvanometer can be converted into voltmeter by connecting a very high resistance 
wire connected in series with galvanometer. The relationship is given by I, (G+R)=V 
where I, is range of galvanometer, G is resistance of galvanometer and R is resistance of 
wire connected in series with galvanometer. 


Ry Ro R3 


2V 20V 200V 
Applying expression in different situations 


For ig G+R,)=2 for 2V range 
For ig (G+ R,+R5)=20 for 20V range 
and For ig G+ R, + R +R3)=200 for 200V range 


On solving, we get R4 =1990 Q, R, = 18k Q and R} = 180k Q. 
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Q. 224A long straight wire carrying current of 25A rests on a table as shown in 
figure. Another wire PQ of length 1m, mass 2.5 g carries the same 
current but in the opposite direction. The wire PQ is free to slide up and 
down. To what height will PQ rise? 


K Thinking Process 


The force applied on PQ by long straight wire carrying current of 25A rests on a table 
must balance the weight of small current carrying wire. 
Ans. The magnetic field produced by long straight wire carrying current of 25A rests on a table 
on small wire 
- Hof 
2nzh 
The magnetic force on small conductor is 
F =Bilsiné = BIU 
Force applied on PQ balance the weight of small current carrying wire. 
TP 
xh 
bt Lol]  4nx107x25x25x1. 
2nmg  2mx2.5x10? x98 


h 2 051cm 


F=mg= 


51x 107 


Long Answer Type Questions 


Q. 23 A 100 turn rectangular coil ABCD (in X-Yplane) is hung from one arm of a 
balance figure. A mass 500g is added to the other arm to balance the 
weight of the coil. A current 4.9 A passes through the coil and a 
constant magnetic field of 0.2 T acting inward (in x-z plane) is switched 
on such that only arm CD of length 1 cm lies in the field. How much 
additional mass m must be added to regain the balance? 


T = 


K Thinking Process 
The magnetic force applied on CD by magnetic field must balance the weight. 


Moving Charges and Magnetism ey 


Ans. For equilibrium/ balance, net torque should also be equal to zero. 
When the field is off yt = Oconsidering the separation of each hung from mid-point be /. 
Mgl 2 W.y, l 
500gI Wy I 
Woi = 500 x 9.8 N 
Taking moment of force about mid-point, we have the weight of coil 
When the magnetic field is switched on 


Mgl + mgl = Woi ¿+ IBL sin 90° T 


mgl = BIL 1 
-2 
ma Ble 0.2 x 4.9x 1x10 -10? kg - 1g 
g 9.8 


Thus, 1g of additional mass must be added to regain the balance. 


Q. 24A rectangular conducting loop consists of two wires on two opposite 
sides of length / joined together by rods of length d. The wires are 
eachof the same material but with cross-sections differing by a factor 
of 2. The thicker wire has a resistance R and the rods are of low 
resistance, which in turn are connected to a constant voltage source V,. 
The loop is placed in uniform a magnetic field B at 45? to its plane. Find 
t, the torque exerted by the magnetic field on the loop about an axis 
through the centres of rods. 


K Thinking Process 


After finding current in both wires, magnetic forces and torques need to be calculated for 
finding the net torque. 


Ans. ^ B 

N B 

d A A 

|] BER n F4 
45* 
F2 
L F2 
Vo 
Front view Side view 
The thicker wire has a resistance R, then the other wire has a resistance 2R as the wires 


are of the same material but with cross-sections differing by a factor 2. 
Now, the force and hence, torque on first wire is given by 


; V, d VSlaB 
FE-ilB2—91Bc- Fc 
M AES Ai 2V2R 
Similarly, the force hence torque on other wire is given by 
: V, d VyldB 
EIB-cedgBo- EU 
2UT 2R | 2B ^ ABB 


So,nettorque, 1-1, - 1; 
1 V,ldB 


t= MI. 
4/2 R 
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Q.25 An electron and a positron are released from (0, 0, 0) and (0, 0, 1.5R) 
respectively, in a uniform magnetic field B = Bi, each with an equal 


momentum of magnitude p - eBR. Under what conditions on the 
direction of momentum will the orbits be non-intersecting circles? 


K Thinking Process 


The circles of the electron and a positron shall not overlap if the distance between the 
two centers are greater than 2R 
Ans. Since, B is along the x-axis, for a circular orbit the momenta of the two particles are in the 
y-z plane. Let p, and p, be the momentum of the electron and positron, respectively. Both 
traverse a circle of radius R of opposite sense. Let p, make an angle 0 with the y-axis p, 
must make the same angle. 


The centres of the respective circles must be perpendicular to the momenta and at a 
distance R. Let the centre of the electron be at C, and of the positron at C,. The coordinates 
of C, is 

C, = (0, - R sin 0, R cos 0) 
The coordinates of C, is 


C, = (0, Rsin0,3 R — R cos 6) 
2 


The circles of the two shall not overlap if the distance between the two centers are 
greater than 2R. 

Leta be the distance between C, and C, . 

Letd be the distance between C, and Ce . 


2 
Then, d? = (QRsin8)? + Hi — 2R cos e 
22 9? 2 TES 
= 4R*sin* 0 + pN cos 0 + 4R* cos* 0 
= 4R? EL — 6R? cos 8 
Since, d has to be greater than 2R 
d? » 4R? 
> 4R? (LH — 6R? cos 0» 4R? 
> 9 > 6cos0 
4 


or, Ccos0« 2 
8 
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Q. 26A uniform conducting wire of length 12a and resistance R is wound up as 
a current carrying coil in the shape of (i) an equilateral triangle of side 
a, (ii) a square of sides a and, (iii) a regular hexagon of sides a. The coil 
is connected to a voltage source V). Find the magnetic moment of the 
coils in each case. 


K Thinking Process 
The different shapes forms figures of different area and hence, there magnetic moments 
varies. 
Ans. We know that magnetic moment of the coils m = n/A. 


Since, the same wire is used in three cases with same potentials, therefore, same current 
flows in three cases. 


(i) for an equilateral triangle of side a, 
n = 4as the total wire of length = 12a 


n=3 
Magnetic moment of the coils m = nJA = 4I [2 | 
B m= Ia?43 
(ii) For a square of sides a, 
n=4 
A=a 


n = 8as the total wire of length 212a 
Magnetic moment of the coils m = nJA = 3 I (a?) = 3 I a? 


(iii) For a regular hexagon of sides a, 


n=2 
n =2 as the total wire of length 212a 


Magnetic moment of the coils m = nlA = 2 1 a | 


m= 343a^I 
mis in a geometric series. 
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Q. 27Consider a circular current-carrying loop of radius R in the x-yplane with 
centre at origin. Consider the line integral 


3 =| [^ B-d 


taken along z-axis. 
(a) Show that S(L) monotonically increases with L 


(b) Use an appropriate amperian loop to show that S(cc) = u J. where I is 
the current in the wire 


(c) Verify directly the above result 


(d) Suppose we replace the circular coil by a square coil of sides R carrying 
the same current I. 


What can you say about S(L) and S(s9)? 
K Thinking Process 


This question revolves around the application of Ampere circuital law. 
Ans. (a) B (Z) points in the same direction on z-axis and hence, J(L) is a monotonically function of 


Since, B and dl along the same direction, therefore B. dl = B. dl as cos 0 = 1 
(b) J(L) + contribution from large distance on contour C = pol 
& as L > œ 
Contribution from large distance — 0 (as B « 1/r?) 
J (e) - Hol 
(c) The magnetic field due to circular current-carrying loop of radius R in the x-y plane with 
centre at origin at any point lying at a distance of from origin. 


HoR? 
2(z° + Repl? 
- oq" MoR? 
E o. 4 R2? az 
Put z- Rtan 8, 
E dz = R sec? ede 


9o _ Mol pul? = 
IN on I 080d 0 = Hol 


(d) B(Z)square <B (Z)oiroular coil 
on S(L) square <3 (L)oircuar coil 
But by using arguments as in (b) 

S9» quare = S (o) ircular 
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Q. 28 A multirange current meter can be constructed by using a galvanometer 
circuit as shown in figure. We want a current meter that can measure 
10mA, 100mA and 1mA using a galvanometer of resistance 10Q and that 
produces maximum deflection for current of 1mA. Find S4, S, and 5, that 
have to be used. 


K Thinking Process 


A galvanometer can be converted into ammeter by connecting a very low resistance 
wire (shunt S) connected in parallel with galvanometer. The relationship is given by 
I, Gz(I - L,) S where I, is range of galvanometer, G is resistance of galvanometer. 


Ans. I5.G 2 (Hu - 15) S, +S, 54) for IJ, 2 10mA 
Ip (G + S4) = (L - 15) 85 + S4) for I, 2 100mA 
and Ig (G +S; + 55)- (I - I5) ($3)for I} 21A 
gives $,21W, 5, 201W 
and S, = 001W 


Q. 29 Five long wires A, B, C, D and E, each carrying current I are arranged to 
form edges of a pentagonal prism as shown in figure. Each carries 
current out of the plane of paper. 

(a) What will be magnetic induction at a point on the axis 0? Axis is at a 
distance R from each wire. 

(b) What will be the field if current in one of the wires (say A) is switched 
off? 


(c) What if current in one of the wire (say A) is reversed? 


K Thinking Process 


The vector sum of magnetic field produced by each wire at O is equal to 0. 
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Ans. (a) Suppose the five wires A, B, C, D and E be perpendicular to the plane of paper at 
locations as shown in figure. 
Thus, magnetic field induction due to five wires will be represented by various sides of a 
closed pentagon in one order, lying in the plane of paper. So, its value is zero. 

(b) Since, the vector sum of magnetic field produced by each wire at O is equal to O. 
Therefore, magnetic induction produced by one current carrying wire is equal in 
magnitude of resultant of four wires and opposite in direction. 

Therefore, the field if current in one of the wires (say A) is switched off is = 
T 
perpendicular to AO towards left. 
If current in wire A is reversed, then 
total magnetic field induction at O 
= Magnetic field induction due to wire A + magnetic field induction due to wires B, C, D 
and E 


(c 


~ 


_ Ho 2I 


4nR R 
(acting perpendicular to AO towards left) + Ho a (acting perpendicular AO towards left) 
T 


E x acting perpendicular AO towards left. 
T 
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Multiple Choice Questions (MCQs) 


Q. 1 A toroid of n turns, mean radius R and cross-sectional radius a carries 
current I. It is placed on a horizontal table taken as xy-plane. Its magnetic 
moment m 

(a) is non-zero and points in the z-direction by symmetry 
(b) points along the axis of the toroid (m =m 4) 


; : i : 1 ; . 
(c) is zero, otherwise there would be a field falling as — at large distances outside 
r 


the toroid 
(d) is pointing radially outwards 
K Thinking Process 
Toroid is a hollow circular ring on which a large number of turns of a wire are closely 


wound. Thus, in such a case magnetic field is only confined inside the body of toroid. 


Ans. (c) In case of toroid, the magnetic field is only confined inside the body of toroid in the 
form of concentric magnetic lines of force and there is no magnetic field outside the 
body of toroid. This is because the loop encloses no current. Thus, the magnetic 
moment of toroid is zero. 


In general, if we take r as a large distance outside the toroid, then m œ 3 But this case 
F 


is not possible here. 


Q. 2 The magnetic field of the earth can be modelled by that of a point 
dipole placed at the centre of the earth. The dipole axis makes an angle 
of 11.3° with the axis of the earth. At Mumbai, declination is nearly 
zero. Then, 

(a) the declination varies between 11.3° W to 11.3° E 

(b) the least declination is 0° 

(c) the plane defined by dipole axis and the earth axis passes through Greenwich 
(d) declination averaged over the earth must be always negative 


Ans. (a) For the earth's magnetism, the magnetic field lines of the earth resemble that of a 
hypothetical magnetic dipole located at the centre of the earth. 


74 NCERT Exemplar (Class XII) Solutions 


The axis of the dipole does not coincide with the axis of rotation of the earth but is 
presently tilted by approxmately 11.3? with respect to the later. This results into two 
situations as given in the figure ahead. 


N 
É W E 
S 


S 
Hence, the declination varies between 11.3° W to 11.3° E. 


N 


Q. 3 In a permanent magnet at room temperature, 
(a) magnetic moment of each molecule is zero 


(b) the individual molecules have non-zero magnetic moment which are all 
perfectly aligned 


(c) domains are partially aligned 
(d) domains are all perfectly aligned 


K Thinking Process 


Permanent magnet at room temperature behave as a ferromagnetic substance for a 
long period of time. 


Ans. (d) As we know a permanent magnet is a substance which at room temperature retain 
ferromagnetic property for a long period of time. 


The individual atoms in a ferromagnetic material possess a dipole moment as in a 
paramagnetic material. 


However, they interact with one another in such a way that they spontaneously align 
themselves in a common direction over a macroscopic volume called domain. Thus, we 
can say that in a permanent magnet at room temperature, domains are all perfectly 
aligned. 


Q. 4 Consider the two idealised systems (i) a parallel plate capacitor with 

large plates and small separation and (ii) a long solenoid of length 
L >> R, radius of cross-section. In (i) E is ideally treated as a constant 
between plates and zero outside. In (ii) magnetic field is constant inside 
the solenoid and zero outside. These idealised assumptions, however, 
contradict fundamental laws as below 

(a) case (i) contradicts Gauss' law for electrostatic fields 

(b) case (ii) contradicts Gauss' law for magnetic fields 

(c) case (i) agrees with fE. dl = 0. 


(d) case (ii) contradicts pH.dl = Ien 


K Thinking Process 


The electric field lines, do not form a continuous closed path while the magnetic field 
lines form the closed paths. 
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Ans. (b) As Gauss’ law states, f E-ds = C. for electrostatic field. It does not contradict for 
£ 
S 0 


electrostatic fields as the electric field lines do not form continuous closed path. 
According to Gauss' law in magnetic field, 

fE-ds = 0 

S 


It contradicts for magnetic field, because there is a magnetic field inside the solenoid 
and no field outside the solenoid carrying current but the magnetic field lines form the 
closed path. 


Q. 5 A paramagnetic sample shows a net magnetisation of 8 Am ! when 
placed in an external magnetic field of 0.6 T at a temperature of 4 K. 
When the same sample is placed in an external magnetic field of 0.2 T at 
a temperature of 16 K, the magnetisation will be 

32 


(a) = Am! (b) " Am! (c) 6 Am! (d) 2.4 Am ! 


K Thinking Process 


From Curie law, we know that magnetisation is directly proportional to the magnetic 
field induction and inversely proportional to the temperature in kelvin. 


Ans. (b) As Curie law explains, we can deduce a formula for the relation between magnetic field 
induction, temperature and magnetisation. 
B (magnetic field induction) 


Le., I (magnetisation) « 
t (temperature in kelvin) 
> hb By h 
I B 4 
Let us suppose, here 1-8 Ani ^ 
B, = 0.6T, t4 = 4K 
B, = 02T ,t, = 16K 
I, =? 
02,4 L 
> ban ERTE 
06 16 8 
EN L=8xL=2Am" 
12 3 
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Multiple Choice Questions (More Than One Options) 


Q. 6 5 is the surface of a lump of magnetic material. 
a) Lines of B are necessarily continuous across S 
b) Some lines of B must be discontinuous across S 
C) Lines of H are necessarily continuous across 5 
) Lines of H cannot all be continuous across 5 


d 
K Thinking Process 

According to the properties of magnetic field lines (B), for any magnet, it forms 
continuous closed loops. This is unlike the electric dipole where these field lines begin 
from a positive charge and end on the negative charge or escape to infinity. 


Also, magnetic intensity (H) outside any magnet is H —B/ ug and for inside the magnet 
H -B/ uH, where |, is the relative permeability of material (magnetic). 


Ans. (a, d) 
Magnetic field lines for magnetic induction (B) form continuous lines. So, lines of B are 
necessarily continuous across S. 
Also, magnetic intensity (H) varies for inside and outside the lump. So, lines of H cannot all 
be continuous across S. 


Q. 7 The primary origin (s) of magnetism lies in 


(a) atomic currents (b) Pauli exclusion principle 
(c) polar nature of molecules (d) intrinsic spin of electron 
Ans (a, d) 


The primary origin of magnetism lies in the fact that the electrons are revolving and spinning 
about nucleus of an atom, which gives rise to current called atomic current. 


This atomic currents gives rise to magnetism. The revolving and spinning about nucleus of 
an atom is called intrinsic spin of electron. 


Q. 8 A long solenoid has 1000 turns per metre and carries a current of 1 A. It 
has a soft iron core of u, = 1000. The core is heated beyond the Curie 
temperature, T... 


(a) The H field in the solenoid is (nearly) unchanged but the B field decreases 
drastically 


(b) The H and B fields in the solenoid are nearly unchanged 

(c) The magnetisation in the core reverses direction 

(d) The magnetisation in the core diminishes by a factor of about10? 

K Thinking Process 
The magnetic intensity H field =n I, where n = number of turns per metre of a solenoid 
and I 2 current and B ug u, nl. 


Also, at normal temperature, a solenoid behave as a ferromagnetic substand and at the 
temperature beyond the Curie temperature, it behaves as a paramagnetic substance. 


Ans. (a, d) 
Here, for solenoid H = nl. 
> H= 1000 x 1= 1000 Am 
Thus, H is a constant ,so it is nearly unchanged. 
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But B-yugu,nlI 


=Uon Iu, 

=k (constant) u,. 
Thus, from above equation, we find that B varies with the variation in u,. 
Now, for magnetisation in the core, when temperature of the iron core of solenoid is raised 
beyond Curie temperature, then it behave as paramagnetic material, where 


and (Lm) Fer = 10° 

and Cie 5610 

3 les. 10° _ op 
(Xm) para 10 


© 


9 Essential difference between electrostatic shielding by a conducting 
shell and magnetostatic shielding is due to 

a) electrostatic field lines can end on charges and conductors have free charges 

b) lines of B can also end but conductors cannot end them 

C 


d 


lines of B cannot end on any material and perfect shielding is not possible 


) 
) shells of high permeability materials can be used to divert lines of B from the 
interior region 
Ans. (a, C, d) 
Electrostatic shielding is the phenomenon to block the effects of an electric field. The 
conducting shell can block the effects of an external field on its internal content or the effect 
of an internal field on the outside environment. 


Magnetostatic shielding is done by using an enclosure made of a high permeability 
magnetic material to prevent a static magnetic field outside the enclosure from reaching 
objects inside it or to confine a magnetic field within the enclosure. 


Q. 10Let the magnetic field on the earth be modelled by that of a point 
magnetic dipole at the centre of the earth. The angle of dip at a point 
on the geographical equator 

(a) is always zero (b) can be zero at specific points 
(c) can be positive or negative (d) is bounded 
K Thinking Process 


Angle of inclination or dip is the angle that the total magnetic field of the earth makes 
with the surface of the earth. 


Ans. (b, C, d) 
If the total magnetic field of the earth is modelled by a point magnetic dipole at the centre, 
then it is in the same plane of geographical equator, thus the angle of dip at a point on the 
geographical equator is bounded in a range from positive to negative value. 
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Very Short Answer Type Questions 


Q. 11 A proton has spin and magnetic moment just like an electron. Why then 
its effect is neglected in magnetism of materials? 
K Thinking Process 


Mass of a proton is very larger than the mass of an electron, so its spinning is negligible 
as compared to that of electron spin. 


Ans. The comparison between the spinning of a proton and an electron can be done by 
comparing their magnetic dipole moment which can be given by 


m= etus. T: (e eh. constant) 
4nm m 4T 
Mp m. 
e Mp 
M, 
= V M, = 1837 
1837M, SN is 
M 
=> S ecd ««1 
M, 1837 
=> Mp << M, 


Thus, effect of magnetic moment of proton is neglected as compared to that of electron. 
Q. 12 A permanent magnet in the shape of a thin cylinder of length 10 cm has 
M — 10? A/m. Calculate the magnetisation current Iy. 


Ans. Given, M (intensity of magnetisation) = 106 A/m. 
l (length) = 10cm = 10 x 10°m= 01m 


and I,, =magnetisation current 
We know that M= M 
> Iy=Mxl 


= 10° x 01=10°A 


Note Here, M=intensity of magnetisation as its unit is given as A/m. 


Q. 13 Explain quantitatively the order of magnitude difference between the 
diamagnetic susceptibility of N, (~ 5 x 10 ?) (at STP) and Cu(~ 10 ?). 
K Thinking Process 


Magnetic susceptibility is a measure of how a magnetic material responds to an external 
field. 


Ans. We know that 


i ; 28g 28g 
Density of nitrogen - = 
i Sen Prg 22.4L 22400 cc 
Also, density of copper pg, = 8g | 8g 


22.4. 22400cc 
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Now, comparing both densities 


Bu EP yl ae ei 
Pa, 22400 8 
-9 
Also given Xna 5x10 agg 
Xcu 10° 


Magnetisation (M) 
Magnetic intensity (H) 
_ Magnetic moment (M) / Volume (V) 


We know that, 


H 
M M _ Mp 
HV H (mass /density) Hm 
X pP s MO constant) 
Hm 
Hence, Xna LP 41.6 x 1074 
Xcu Pcu 


Thus, we can say that magnitude difference or major difference between the diamagnetic 
susceptibility of N and Cu. 


Q. 14 From molecular view point, discuss the temperature dependence of 
susceptibility for diamagnetism, paramagnetism and ferromagnetism. 


Ans. Susceptibility of magnetic material x — " where I is the intensity of magnetisation induced 


in the material and H is the magnetising force. 


Diamagnetism is due to orbital motion of electrons in an atom developing magnetic 
moments opposite to applied field. Thus, the resultant magnetic moment of the 
diamagnetic material is zero and hence, the susceptibility x of diamagnetic material is not 
much affected by temperature. 


Paramagnetism and ferromagnetism is due to alignments of atomic magnetic moments in 
the direction of the applied field. As temperature is raised, the alignment is disturbed, 
resulting decrease in susceptibility of both with increase in temperature. 


Q. 15A ball of superconducting material is dipped in liquid nitrogen and placed 
near a bar magnet. 
(i) In which direction will it move? 
(ii) What will be the direction of its magnetic moment? 
K Thinking Process 
A superconducting material and nitrogen are diamagnetic in nature. 


Ans. When a diamagnetic material is dipped in liquid nitrogen, it again behaves as a 
diamagnetic material. Thus, superconducting material will again behave as a diamagnetic 
material. When this diamagnetic material is placed near a bar magnet, it will be feebly 
magnetised opposite to the direction of magnetising field. 


(i) Thus, it will be repelled. 


(ii) Also its direction of magnetic moment will be opposite to the direction of magnetic field 
of magnet. 
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Short Answer Type Questions 


Q. 16 Verify the Gauss’s law for magnetic field of a point dipole of dipole 
moment m at the origin for the surface which is a sphere of radius R. 


Ans. Let us draw the figure for given situation, 


We have to prove that jB.as = 0. This is called Gauss's law in magnetisation. 


According to question, 
Magnetic moment of dipole at origin O is 

M=Mk 
Let P be a point at distance r from O and OP makes an angle 6 with z-axis. Component of M 
along OP = Mcos8. 
Now, the magnetic field induction at P due to dipole of moment Mcos8 is 

B- Ho 2Mcos0 g 

4n rè 
From the diagram, r is the radius of sphere with centre at O lying in yzplane. Take an 
elementary aread S of the surface at P. Then, 


dS — r(rsin0 d6)f = r^sineder 
jeas- Ho 2MCOSÉ; (72 sing der) 


4T r 
2 
UR Dsind.cose d 6 
4m r 20 


- Ho M ["Ssin2ede 
4m r 20 


z Ha M (- ense" 
0 


4n r 2 
- -Ho M toos 4n — cos] 
4n 2r 


-HhoMn. 2o 
4T 2r 
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Q. 17 Three identical bar magnets are rivetted together at centre in the same 
plane as shown in figure. This system is placed at rest in a slowly varying 
magnetic field. It is found that the system of magnets does not show 
any motion. The north-south poles of one magnet is shown in the figure. 
Determine the poles of the remaining two. 


N 
? ? 
60° 
60° 
9 ? 
S 


Ans. The system will be in stable equilibrium if the net force on the system is zero and net torque 
on the system is also zero. This is possible only when the poles of the remaining two 
magnets are as given in the figure. 


N 


S 


Q. 18 Suppose we want to verify the analogy between electrostatic and 
magnetostatic by an explicit experiment. Consider the motion of (i) 
electric dipole p in an electrostatic field E and (ii) magnetic dipoleM in a 
magnetic field B. Write down a set of conditions on E, B, p, M so that the 
two motions are verified to be identical. (Assume identical initial 
conditions). 


K Thinking Process 
E(r) = cK(r) suppose the angle between p and E is 0. Torque on electric dipole of moment 
p in electric field E, t = pE sin. 
Ans. Now, suppose that the angle between M and Bis 8. 
Torque on magnetic dipole moment M in magnetic field B, 
t’ = MBsin8 
Two motions will be identical, if 
pEsin® = MBsin8 
> pE = MB wall) 
But, E=cB 
-. Putting this value in Eq. (i), 
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Q. 19 A bar magnet of magnetic moment M and moment of inertia I (about 
centre, perpendicular to length) is cut into two equal pieces, 
perpendicular to length. Let 7 be the period of oscillations of the 
original magnet about an axis through the mid-point, perpendicular to 
length, in a magnetic field B. What would be the similar period T’ for 
each piece? 

K Thinking Process 


rem 
MB 


where, T — time period 
I= moment of inertia 
m=mass of magnet 
B = magnetic field 
Ans. Given, Z = moment of inertia of the bar magnet 
m = mass of bar magnet 
l = length of magnet about an any passing through its centre and perpendicular to its 
length 
M = magnetic moment of the magnet 
B= uniform magnetic field in which magnet is oscillating, we get time period of 


oscillation is, T- 2n T 
MB 


| mi? 
moat 
When magnet is cut into two equal pieces, perpendicular to length, then moment of inertia of 
each piece of magnet about an axis perpendicular to length passing through its centre is 
r- m(l/2Y _ m? zil 
2 12 12 8 8 
Magnetic dipole moment M’ = M/2 


Its time period of oscillation is 
T'-2x| BN XE PEU 
M'B (M/2)B 2 \MB 


T= 


Here, I 


m] 


Q. 20Use (i) the Ampere's law for H and (ii) continuity of lines of B, to 
conclude that inside a bar magnet, (a) lines of H run from the N-pole to 
S- pole, while (b) lines of B must run from the S-pole to N-pole. 


Ans. Consider a magnetic field line of B through the bar magnet as given in the figure below. 


C 


Dd 


Q 


S N 


The magnetic field line of B through the bar magnet must be a closed loop. 
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Let C be the amperian loop. Then, 
E Haf Pa 
Q Q Mo 


We know that the angle between B and dl is less than 90° inside the bar magnet. So, it 
is positive. 
ie. [i Hal - LP dl» 0 
Ho 
Hence, the lines of B must run from south pole(S) to north pole (N) inside the bar magnet. 
According to Ampere's law, 


f H.dl = 0 
POP 
f H.dl- [^ H.dl ! L H.dl- 0 
P Q 
PQP 
A P H.dl» 0, so, (^ Hdl <0 (ie., negative) 
S DH ; | TM B e., neg 


It will be so if angle between H and dl is more than 90°, so that cos0 is negative. It means the 
line of H must run from N-pole to S-pole inside the bar magnet. 


Long Answer Type Questions 


Q. 21Verify the Ampere's law for magnetic field of a point dipole of dipole 
moment M = Mk. Take C as the closed curve running clockwise along 
(i) the z-axis from z =a > 0toz =R, 


(ii) along the quarter circle of radius R and centre at the origin in the first 
quadrant of xz-plane, 


(iii) along the x-axis from x = R to x =a, and 


(iv) along the quarter circle of radius a and centre at the origin in the first 
quadrant of xz-plane 


K Thinking Process 


Let us consider the figure below 


>N 
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Ans. From P to Q, every point on the z-axis lies at the axial line of magnetic dipole of moment M. 
Magnetic field induction at a point distance z from the magnetic dipole of moment is 


(i) Along z-axis from P to Q. 
[; B.di- [7 B.dlcoso* - [Baz 
P P a 


= [Pio sore br (7^ Y 1 1 
a2m zi 2n (2 AR? a? 


(ii) Along the quarter circle QS of radius R as given in the figure below 
Z 


The point A lies on the equatorial line of the magnetic dipole of moment Msine. 
Magnetic field at point A on the circular arc is 


B- Ho Msin, di = Rae 
4r R? 
[B.dl=[B.dl cose= f2 Po Msin8 pog 
0 Am R3 


An ? An RÊ 


(iii) Along x-axis over the path ST, consider the figure given ahead 


Circular arc = Bo M (-cos0)§ 12 Bo M 


—- 
M 


zZ 

A 

A 
T S 

A X 
a R 

O x 

y 


From figure, every point lies on the equatorial line of magnetic dipole. Magnetic field 
induction at a point distance x from the dipole is 


Bato 


[B.al- ju .dl = 0 [~ angle between (- M) and dl is 90°] 
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(iv) Along the quarter circle TP of radius a. Consider the figure given below 


From case (ii), we get line integral of B along the quarter circle TP of radius a is 


circular arc TP [B-dl = ane adig 
x tT a 


Q S T P 
f B.dl= f B.dl + | B.dl + | B.dl- | B.dl 
PQST P Q S T 
OgoM[ 2 1], bo M , (- 55 3 )- 
4 la Re] 4n RÈ i 47 a? 3 


Q. 22 What are the dimensions of x, the magnetic susceptibility? Consider an 
H-atom. Gives an expression for x, upto a constant by constructing a 
quantity of dimensions of x, out of parameters of the atom e, m, v, R and 
Hg. Here, m is the electronic mass, v is electronic velocity, R is Bohr 
radius. Estimate the number so obtained and compare with the value of 
|x| ~ 10^? for many solid materials. 


K Thinking Process 


Magnetic susceptibility is a measure of how a magnetic material responds to an external 
field. i.e, magnetic susceptibility 
_ I (Intensity of magnetisation) 


m 


H (Magnetising force) 


Ans. As I and H both have same units and dimensions, hence, x has no dimensions. Here, in 
this question, x is to be related with e, m, v, R and ug. We know that dimensions of 
Ho = IMLe*] 


From Biot-Savart's law, 


dB = Ho. Idl sing 
4n r? 
T i .4n'dB | am? | f l.. gee F | 
?'  Idisine  Iadlsin8 qvsin8 | gvsine | 


L? x (MLT-?) 
(QT) (L)x 1x (Q) (LT) (1) 
where Q is the dimension of charge. 


Dimensions of pọ = -|MLQ*] 
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As x is dimensionless, it should have no involvement of charge Q in its dimensional formula. 
It will be so if yọ and e together should have the value we, as e has the dimensions of 
charge. 
Let x = u7 m® VPR (i) 
where a, b,c are the power of m, v and R respectively, such that relation (i) is satisfied. 
Dimensional equation of (i) is 
[MOL°T°Q®] = [MLQ?] x [Q?][M2] x (LT)? x [L]° 
= [M'*? EN pore oo] 

Equating the powers of M, L and T, we get 

O=1+a>a 1.0=1+b+c ...(il) 

0=-b>b=0,0=1+0+corc=-1 
Putting values in Eq. (i), we get 


2 
x Hoem v^R? = Boe ...(ii) 
mhR 
Here, Wyo = 4x x10 "Tm AT 
e=16x10'%C 


m - 91x 10?! kg, R 2 10 ?m 

_ (An x 107) x (16x 1079? 
(91x10?) x 1079 

JT a 


X(given solid) 10° 


= 10% 


10 


Q. 23 Assume the dipole model for the earth’s magnetic field B which is given 


n 2m cos 
by B, = vertical component of magnetic field = mE 
T r 
: m ing 
B,, = horizontal component of magnetic field = nud 
T r 


0 = 90? — lattitude as measured from magnetic equator. 


Find loci of points for which (a) |B| is minimum (b) dip angle is zero and 
(c) dip angle is 45?. 


2 : 

Ans. (a) Bj, es Ha EODSR o) 
4n r 

4n r qm 


Squaring both the equations and adding, we get 
2 
BE + Ba = (5o Jo tose + sin? 6] 
4T) rê 
B=4]B? + BŽ = Ho Tr[scos*@ + 11? ...(lii) 
Tr 


From Eq. (iii), the value of Bis minimum, if cos0 = 2 


0e- 2 Thus, the magnetic equator is the locus. 
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(b) Angle of dip, 


Uo 2mcos0 


tand = By _ An r 


- =2cote 
B, bo, sin@-m 
4n r? 
tanó = 2cote 
For dip angle is zero j.e., 6 = 0 

cot = 0 

ga 

2 


It means that locus is again magnetic equator. 
(c) tand = By 
By 
Angle of dip i.e., 6 2 + 45 
By = tan(*45?) 
By 
By 
By 
2cot0 = 1 


cote= 1 
2 


=1 


tand= 2 
=> 0 = tan '(2) 
Thus, 0- tan”! (2) is the locus. 
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...(iV) 


[From Eq. (iv)] 


Q. 24Consider the plane 5 formed by the dipole axis and the axis of earth. Let 
P be point on the magnetic equator and in S. Let Q be the point of 
intersection of the geographical and magnetic equators. Obtain the 


declination and dip angles at P and Q. 


Ans. P is in the plane S, needle is in north, so the declination is zero. 


P is also on the magnetic equator, so the angle of dip = 0, because the value of angle of 


dip at equator is zero. Q is also on 
As earth tilted on its axis by 11.3, thus the declination at Q is 11.3°. 


the magnetic equator, thus the angle of dip is zero. 
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Q. 25 There are two current carrying planar coil made each from identical wires 
of length L. C, is circular (radius R) and C, is square (side a). They are so 
constructed that they have same frequency of oscillation when they are 
placed in the same uniform B and carry the same current. Find a in terms 
of R. 


Ans. C, = circular coil of radius R, length L, number of turns per unit length 


1 


2nH 
C, = square of side a and perimeter L, number of turns per unit length n, = 5 
a 
Magnetic moment of C, 
> m, =n IA, 
Magnetic moment of C, 
> My = Mm TA, 
Lido 
: 2nH 
m= L.ga 
4a 
LIR 
m = oP (i) 
LIa i 
Bee ...(ii) 
2 
Moment of inertia of C, — 1, = MP (ii 
2 
Moment of inertia of C; 2 Ip = "s. ...(iv) 
1 
Frequency of C, =f 22x |—— 
mB 
H 
Frequency of C, =f, 22m |—2- 
MB 
According to question, f, = h 
2n d 227 b 
mB m,B 
Lh L or M2 = L 


m, Tm, m L 
Plugging the values by Eqs. (i), (ii), (iii) and (iv) 
LIa.2 _ M&?^.2 
AxLIR | 12. MR? 
2 


edu. 
2R 6R? 
3R-a 


Thus, the value of a is 3R. 
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Multiple Choice Questions (MCQs) 


Q. 1 A square of side L metres lies in the xy-plane in a region, where the 
magnetic field is given by B= Bj (2i + 3j + 4k) T, where B, is constant. 
The magnitude of flux passing through the square is 
(a) 2B? Wb (b) 3B? Wb (c) 4By? Wb (d) J29By? Wb 
K Thinking Process 


The magnetic flux linked with uniform surface of area A in uniform magnetic field is 
given by 
= BA 


Ans. (c) Here, A=lkandB = By Qi 3j + 4k)T 
= B.A = BG + 3j + 4k).2k = 4B,/? Wb 


Q. 2 A loop, made of straight edges has six corners at A (0, 0, 0), B (L, 0, 0), 
C(L, L, 0), D (0, L, 0), E (0, L, L) and F (0, 0, L). A magnetic field 
B = B,(i+k) T is present in the region. The flux passing through the 
loop ABCDEFA (in that order) is 
(a) By? Wb (b) 2By? Wb (c) J2By? Wb (d) 4Bg? Wb 
K Thinking Process . 
Here, loop ABCDA lies in xy plane whose area vector A,=k whereas loop ADEFA lies 
in y-z plane whose area vector A, =i. 


Ans. (b) Also, the magnetic flux linked with uniform surface of area A in uniform magnetic field 


is given by 

0 -B.A 

A= A, + A, = (Ck + Li) 
and B = Bj + KT 
Now, $ - B.A- B Â + k).(Lk + Li) 


= 2By? Wb 
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Q. 3 A cylindrical bar magnet is rotated about its axis. A wire is connected 
from the axis and is made to touch the cylindrical surface through a 
contact. Then, 

(a) a direct current flows in the ammeter A 
(b) no current flows through the ammeter A 


(c) an alternating sinusoidal current flows through the ammeter A with a time 


period T = zr 
[o] 


(d) a time varying non-sinusoidal current flows through the ammeter A 


K Thinking Process 
The problem is associated with the phenomenon of electromagnetic induction. 


Ans. (b) When oylindrical bar magnet is rotated about its axis, no change in flux linked with the 
circuit takes place, consequently no emf induces and hence, no current flows through 
the ammeter A. 


Axis 
A 
Bar —> ~ 
magnet 8 


Q. 4 There are two coils A and B as shown in figure. A current starts flowing 
in B as shown, when A is moved towards B and stops when A stops 
moving. The current in A is counter clockwise. B is kept stationary when 
A moves. We can infer that 

a) there is a constant current in the clockwise direction in A 

b) there is a varying current in A 

C) there is no current in A 

d) there is a constant current in the counter clockwise direction in A 

A B 


( 
( 
( 
( 


K Thinking Process 
The induced emf in B is due to the variation of magnetic flux in it. 


Ans. (d) When the A stops moving the current in B become zero, it possible only if the current in 
A is constant. If the current in A would be variable, there must be an induced emf 
(current) in B even if the A stops moving. 
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Q. 5 Same as problem 4 except the coil A is made to rotate about a vertical 
axis (figure). No current flows in B if A is at rest. The current in coil 
A,when the current in B (at t = 0) is counter-clockwise and the coil A is 
as shown at this instant, t = 0, is 

(a) constant current clockwise 

(b) varying current clockwise 
(c) varying current counter clockwise 
(d) constant current counter clockwise 


A wo B 


K Thinking Process 
Here, the application of Lenz's law is tested through this problem. 
Ans. (a) When the current in B (att = 0) is counter-clockwise and the coil A is considered above 
to it. The counterclockwise flow of the current in B is equivalent to north pole of magnet 


and magnetic field lines are emanating upward to coil A. When coil A start rotating at 
t = 0, the current in A is constant along clockwise direction by Lenz's rule. 


Q. 6 The self inductance L of a solenoid of length / and area of cross-section 
A, with a fixed number of turns N increases as 
(a) L and A increase 
(b) Z decreases and A increases 
(c) L increases and A decreases 
(d) both / and A decrease 


K Thinking Process 
The self inductance Lof a solenoid depends on its geometry (i.e, length, cross-sectional 
area, number of turns etc.) and on the permeability of the medium. 


Ans. (b) The self-inductance of a long solenoid of cross-sectional area A and length J, having n 
turns per unit length, filled the inside of the solenoid with a material of relative 
permeability (e.g., soft iron, which has a high value of relative permeability) is given by 


L-y,ugn* Al 
where, n-zN/l 


Note The capacitance, resistance, self and mutual inductance depends on the geometry of 
the devices as well as permittivity/permeability of the medium. 
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Multiple Choice Questions (More Than One Options) 


Q. 7 A metal plate is getting heated. It can be because 

a) a direct current is passing through the plate 

b) it is placed in a time varying magnetic field 

C) it is placed in a space varying magnetic field, but does not vary with time 
d) a current (either direct or alternating) is passing through the plate 


( 
( 
( 
( 


K Thinking Process 


This problem is associated with the heating effect of current as well as the phenomenon 
of electromagnetic induction and eddy currents. 


Ans. (a, b, d) 
A metal plate is getting heated when a DC or AC current is passed through the plate, known 
as heating effect of current. Also, when metal plate is subjected to time varying magnetic 
field, the magnetic flux linked with the plate changes and eddy currents comes into 
existence which make the plate hot. 


Q. 8 An emf is produced in a coil, which is not connected to an external 
voltage source. This can be due to 
(a) the coil being in a time varying magnetic field 
(b) the coil moving in a time varying magnetic field 
(c) the coil moving in a constant magnetic field 
(d) the coil is stationary in external spatially varying magnetic field, which does not 
change with time 


K Thinking Process 
This problem is associated with the phenomenon of electromagnetic induction. 
Ans. (a, b, c) 
Here, magnetic flux linked with the isolated coil change when the coil being in a time varying 
magnetic field, the coil moving in a constant magnetic field or in time varying magnetic field. 


Note When magnetic flux linked with the coil change, an emf is used in the coil. This is 
known as electromagnetic induction. 


Q. 9 The mutual inductance M,, of coil 1 with respect to coil 2 


a) increases when they are brought nearer 

b) depends on the current passing through the coils 

C) increases when one of them is rotated about an axis 
d) is the same as M;, of coil 2 with respect to coil 1 


( 
( 
( 
( 


K Thinking Process 


Here, it is important to know that the mutual inductance of a pair of coils, solenoids, etc., 
depends on their separation, their relative orientation as well as the geometry of pair of 
coils, solenoids, etc. 


Ans. (a, d) 
The mutual inductance M,, of coil increases when they are brought nearer and is the same 
as M, of coil 2 with respect to coil 1. 
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Mi, i.e., mutual inductance of solenoid S, with respect to solenoid S, is given by 
Mo, = Honn mr 


where signs are as usual. 

Also, M,, i.e., mutual inductance of solenoid S, with respect to solenoid S, is given by 
Mz = Honn nr l 

So, we have M; =M,,=M 


Q. 10 A circular coil expands radially in a region of magnetic field and no 
electromotive force is produced in the coil. This can be because 
(a) the magnetic field is constant 
(b) the magnetic field is in the same plane as the circular coil and it may or may not vary 
(c) the magnetic field has a perpendicular (to the plane of the coil) component 
whose magnitude is decreasing suitably 
(d) there is a constant magnetic field in the perpendicular (to the plane of the coil) 
direction 
K Thinking Process 
The various arrangement are to be thought of in such a way that the magnetic flux 
linked with the coil do not change even if coil is placed and expanding in magnetic field. 
Ans. (b, c) 
When circular coil expands radially in a region of magnetic field such that the magnetic field 
is in the same plane as the circular coil or the magnetic field has a perpendicular (to the 
plane of the coil) component whose magnitude is decreasing suitably in such a way that the 
cross product of magnetic field and surface area of plane of coil remain constant at every 
instant. 
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Very Short Answer Type Questions 


Q. 11Consider a magnet surrounded by a wire with an on/off switch S (figure). 
If the switch is thrown from the off position (open circuit) to the on 
position (closed circuit), will a current flow in the circuit? Explain. 


N N 
Bar Bar 
magent magent 
Circuit open Circuit closed 


K Thinking Process 
The magnetic flux linked with uniform surface of area A in uniform magnetic field is 
given by 
þ =B. A - BAcosO 
So, flux linked will change only when either B, or A or the angle between B and A change. 


Ans. When the switch is thrown from the off position (open circuit) to the on position (closed 
circuit), then neither B, nor A nor the angle between B and A change. Thus, no change in 
magnetic flux linked with coil occur, hence no electromotive force is produced and 
consequently no current will flow in the circuit. 


Q. 12 A wire in the form of a tightly wound solenoid is connected to a DC 
source, and carries a current. If the coil is stretched so that there are 
gaps between successive elements of the spiral coil, will the current 
increase or decrease? Explain. 


K Thinking Process 
Here, the application of Lenz's law is tested through this problem. 


Ans. When the coil is stretched so that there are gaps between successive elements of the 
spiral coil .e., the wires are pulled apart which lead to the flux leak through the gaps. 
According to Lenz's law, the emf produced must oppose this decrease, which can be done 
by an increase in current. So, the current will increase. 


Q. 13 A solenoid is connected to a battery so that a steady current flows 
through it. If an iron core is inserted into the solenoid, will the current 
increase or decrease? Explain. 

K Thinking Process 
Here, the application of Lenz's law is tested through this problem. 

Ans. When the iron core is inserted in the current carrying solenoid, the magnetic field increase 

due to the magnetisation of iron core and consequently the flux increases. 


According to Lenz's law, the emf produced must oppose this increase in flux, which can be 
done by making decrease in current. So, the current will decrease. 
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Q. 14Consider a metal ring kept on top of a fixed solenoid (say on a cardboard) 
(figure). The centre of the ring coincides with the axis of the solenoid. If 
the current is suddenly switched on, the metal ring jumps up. Explain 


C 


++ P 


fs 


+P 


pr -— 


K Thinking Process 
Here, the application of Lenz's law is tested through this problem. 

Ans. When the current is switched on, magnetic flux is linked through the ring. Thus, increase in 
flux takes place. According to Lenz's law, this increase in flux will be opposed and it can 
happen if the ring moves away from the solenoid. 

This happen because the flux increases will cause a counter clockwise current (as seen 
from the top in the ring in figure.) i.e., opposite direction to that in the solenoid. 
This makes the same sense of flow of current in the ring (when viewed from the bottom of 


the ring) and solenoid forming same magnetic pole infront of each other. Hence, they will 
repel each other and the ring will move upward. 


Q. 15 Consider a metal ring kept (supported by a cardboard) on top of a fixed 
solenoid carrying a current I (see figure of Question 14). The centre of 
the ring coincides with the axis of the solenoid. If the current in the 
solenoid is switched off, what will happen to the ring? 


K Thinking Process 
This problem is based on the application of Lenz's law. 


Ans. (b) When the current is switched off, magnetic flux linked through the ring decreases. 
According to Lenz's law, this decrease in flux will be opposed and the ring experience 
downward force towards the solenoid. 


This happen because the flux / decrease will cause a clockwise current (as seen from 
the top in the ring in figure) /.e., the same direction to that in the solenoid. This makes 
the opposite sense of flow of current in the ring (when viewed from the bottom of the 
ring) and solenoid forming opposite magnetic pole infront of each other. 


Hence, they will attract each other but as ring is placed at the cardboard it could not be 
able to move downward. 
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Q. 16 Consider a metallic pipe with an inner radius of 1 cm. If a cylindrical bar 
magnet of radius 0.8 cm is dropped through the pipe, it takes more time 
to come down than it takes for a similar unmagnetised cylindrical iron 
bar dropped through the metallic pipe. Explain. 


K Thinking Process 
This problem is based on the concept of eddy current and application of Lenz's law. 


Ans. When cylindrical bar magnet of radius 0.8 cm is dropped through the metallic pipe with an 
inner radius of 1 cm, flux linked with the cylinder changes and consequently eddy currents 
are produced in the metallic pipe. According to Lenz's law, these currents will oppose the 
(cause) motion of the magnet. 


Therefore, magnet's downward acceleration will be less than the acceleration due to gravity 
g. On the other hand, an unmagnetised iron bar will not produce eddy currents and will fall 
with an acceleration due to gravity g. 


Thus, the magnet will take more time to come down than it takes for a similar unmagnetised 
oylindrical iron bar dropped through the metallic pipe. 


Short Answer Type Questions 


Q. 17 A magnetic field in a certain region is given by B =B, cos(wt) k and a 
coil of radius a with resistance R is placed in the x-y plane with its 
centre at the origin in the magnetic field (figure). Find the magnitude 
and the direction of the current at (a, 0, 0) at 

3x 


T 
t=—,t =—andt = — 
oO 20 


K Thinking Process 
This problem requires application of Faraday's law of EMI and finding mathematical 
values of emf at different instants. 
Ans. At any instant, flux passes through the ring is given by 
$9 = B.A = BAcos6 = BA ("8 = 0) 
or = By(na*)cosot 
By Faraday’s law of electromagnetic induction., 
Magnitude of induced emf is given by 
€ = By( na^) wsinot 
This causes flow of induced current, which is given by 
I = By(na?) osinot /R 
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Now, finding the value of current at different instants, so we have current at 


tat 
20 
2 ^ 
l= By(7")® along j 
Because sinat = sino = } =sin™ =1 
20 2 
2 
t "x B(ra^)o 
[0] R 
Here, sinet = sio z) =sinn=0 
[0] 
(235 
20 
2 
I Ede along - j 
R 
: : 3n ) . 3T 
sinat = sin| œ =sin =-1 
20 2 


Q. 18 Consider a closed loop C in a magnetic field (figure). The flux passing 
through the loop is defined by choosing a surface whose edge coincides 
with the loop and using the formula ọ = B, dA,, B; dA, ..... . Now, if we 
choose two different surfaces S, and S, having C as their edge, would we 
get the same answer for flux. Justify your answer. 


S2 


O 


K Thinking Process 
This problem underline the concept of continuity of magnetic field lines. They can 
neither be originated nor be destroyed in space. 
Ans. The magnetic flux linked with the surface can considered as the number of magnetic field 

lines passing through the surface. So, letdó = BA represents magnetic lines in an area A to 
B. 
By the concept of continuity of lines B cannot end or start in space, therefore the number of 
lines passing through surface S, must be the same as the number of lines passing through 
the surface S,. Therefore, in both the cases we gets the same answer for flux. 


S2 


O 
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Q. 19 Find the current in the wire for the configuration shown in figure. Wire 
PQ has negligible resistance. B, the magnetic field is coming out of the 
paper. 0 is a fixed angle made by PQ travelling smoothly over two 
conducting parallel wires separated by a distance d. 


©B D P @B 


E O8 o! , OB 
0 
Q OB OB 


K Thinking Process 


The emf induced across PQ due to its motion or change in magnetic flux linked with the 
loop change due to change of enclosed area. 


Ans. The motional electric field E along the dotted line CD (^to both v and B and along V x B) 
- vB 


Therefore, the motional emf along PQ = (length PQ) x (field along PQ) 
= (length PQ) x (VB sin) 
= 5) x (vBsin0) = vBd 


sin 
@B D p (9B 
E OB c , Q8 
0 
Q og ©B 


This induced emf make flow of current in closed circuit of resistance R. 


I= and is independent of g. 


Q. 20A (current versus time) graph of the current passing through a solenoid is 
shown in figure. For which time is the back electromotive force (u) a 
maximum. If the back emf at ż = 3 s is e, find the back emf at¢ = 7 s, 15s 
and 40 s. 0A, AB and BC are straight line segments. 
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K Thinking Process 
When the current is varied, the flux linked with the coil also changes and an emf is 
induced in the coil. The induced emf is given by 


(NO) 
dt 
dl 
e=- 
dt 
Thus, the self-induced emf always opposes any change (increase or decrease) of current 


in the coil. 


Ans. The back electromotive force in solenoid is (u) a maximum when there is maximum rate of 
change of current. This occurs is in AB part of the graph. So maximum back emf will be 
obtained between 5s « t « 10s. 

Since, the back emf att = 3s ise, 


Also, 
the rate of change of current at t = 3, s = slope of OA from t = Os to t = 5s = 1/5A/s. 
So, we have 
Las OF ; ; dI 
fu =L1/5| fort = s — 1/5 |(Lis a constant). Applying € = Bs 
Similarly, we have for other values 
For 5s «t < 10s uy =-L=-L=-3e 
5 5 
Thus, att -7s,u,-— 3e 
For 10s « t « 30s 
2 d 
Up =L— =— =— 
20 10 2 
Fort > 30s,u, =0 


Thus, the back emf att =7 s, 15 s and 40 s are — 3e, e /2 and 0 respectively. 


Q. 21There are two coils A and B separated by some distance. If a current of 2A 
flows through A, a magnetic flux of 10 ^ Wb passes through B (no 
current through B). If no current passes through A and a current of 1 A 
passes through B, what is the flux through A? 


K Thinking Process 
A current I, is passed through the coil A and the flux linkage with coil B is, 
. . Nob) =M, 1 . ] 
where, M,,is called the mutual inductance of coil A with respect to coil BandM;, — M; 
And M, is called the mutual inductance of coil B with respect to coil A. 
Ans. Applying the mutual inductance of coil A with respect to coil B 
N. 
Moy = 202 
1, 
Therefore, we have 
-2 
Mutual inductance = T =5mH 
Again applying this formula for other case 
N,o, = Mj; I; = 5mH x 1A = 5mWb. 
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Long Answer Type Questions 


Q. 22A magnetic field B= B, sin(wt)k covers a large region where a wire AB 
slides smoothly over two parallel conductors separated by a distance d 
(figure). The wires are in the x-y plane. The wire AB (of length d) has 
resistance R and the parallel wires have negligible resistance. If AB is 
moving with velocity v, what is the current in the circuit. What is the 
force needed to keep the wire moving at constant velocity? 


yA 
C A 
v 
o B >x 


K Thinking Process 
The emf induced across AB due to its motion and change in magnetic flux linked with 
the loop change due to change of magnetic field. 

Ans. Let us assume that the parallel wires at are y = 0 i.e., along x-axis and y =d. Att = 0, AB 
has x = 0, i.e., along y-axis and moves with a velocity v. Let at timet, wire is at xt) = vt . 
Now, the motional emf across AB is 

= (Ba sinat )\va (-j) 
emf due to change in field (along OBAC) 
= — Bgo cosat x(t)d 
Total emf in the circuit = emf due to change in field (along OBAC) + the motional emf across 
AB 
= — Bydeoxcos(ot) + vsin(œt)] 
Electric current in clockwise direction is given by 


= “p Oxcosat + vsinat) 


The force acting on the conductor is given by F = ilBsin90° = ilB 
Substituting the values, we have 


Force needed along i= F (oxcosat + vsinot) x d x By sinat 


_ Bed? 


(@xcosa@t + vsinat)sinat 


This is the required expression for force. 
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Q. 23A conducting wire XY of mass m and negligible resistance slides smoothly 
on two parallel conducting wires as shown in figure. The closed circuit 
has a resistance R due to AC. AB and CD are perfect conductors. There is 
a magnetic field B = B (t)k 


y 
la x : 
: (9B | 
R l 
eB | 
EY X 
C x (f D 


(i) Write down equation for the acceleration of the wire XY. 
(ii) If B is independent of time, obtain v(t), assuming v (0) = uo 


(iii) For (ii), show that the decrease in kinetic energy of XY equals the heat 
lost in . 


K Thinking Process 
This problem relates EMI, magnetic force, power consumption and mechanics. 
Ans. Let us assume that the parallel wires at are y = 0, i.e., along x-axis and y 2 l. Att = 0, XY 
has x = Oi.e., along y-axis. 
(i) Let the wire be at x = x (t) at timet. 
The magnetic flux linked with the loop is given by 
p =B.A = BAcos0 = BA 


at any instantt Magnetic flux = B(t)(1 x x(t)) 
Total emf in the circuit = emf due to change in field (along XYAC) + the motional emf 
across XY 
E- E = X Ix (0) - Bt)lv(t) [second term due to motional emf] 
Electric current in clockwise direction is given by 
=£ 
R 


The force acting on the conductor is given by F = ilBsin90° = ilB 
Substituting the values, we have 
IB()| dB() 
at 
Applying Newton's second law of motion, 
qs B I'Bt)aB 4 I?B*(t)dx 
dt? R dt R dt 
which is the required equation. 
(ii) If B is independent of time i.e., B = Constant 


Or 95 o 
at 


Force = 


Ix()- BOI ] i 
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Substituting the above value in Eq (i), we have 


di? MR at 
2p2 
or ox + ZH v=0 
di mR 
Integrating using variable separable form of differential equation, we have 
p —I°B*t 
v = Aexp 
mR 
Applying given conditions, att Ov =U, 


V(t) = ug exp - I2E*t / mR) 
This is the required equation. 
(iii) Since the power consumption is given by P = I?R 


272.,2 
Here, PhRaEPUCU. 


272 
-B z uj! exp(- 212B*t | mR) 


Now, energy consumed in time interval at is given by energy consumed = Pat = I?Rat 


Therefore, total energy consumed in timet 


_ Í ÉRat = BI u? uud [4 e Btm] 
0 R ? sePBg| 
m. 2 m.o 

--——ug —-—v*(t 
ae (t) 


= decrease in kinetic energy. 
This proves that the decrease in kinetic energy of XY equals the heat lost in R. 


Q. 240DBAC is a fixed rectangular conductor of negligible resistance (CO is not 
connected) and OP is a conductor which rotates clockwise with an 
angular velocity @ (figure). The entire system is in a uniform magnetic 
field B whose direction is along the normal to the surface of the 
rectangular conductor ABDC. The conductor OP is in electric contact with 
ABDC. The rotating conductor has a resistance of A per unit length. Find 
the current in the rotating conductor, as it rotates by 180?. 


A (9B B 


| @B (9B 


l 
| l »« I >| NO 
pour o = P 
[— — 2] ——>| 


K Thinking Process 
The pattern of rate of change of area (hence flux) can be considered uniform from 


T T 3T T T , 
0«0«—;—«0«——and — <0 < z Hence, forth finding emf and current. 
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Ans. Let us consider the position of rotating conductor at time interval 


t 20tot = T (or T/8) 
40 
P 

A 2l B A~< 

© © | 

-P 
l Peat I 
x Ce Q 
va © i / 
NER <io . | "mo 

C O l D C O R D 


the rod OP will make contact with the side BD. Let the length OQ of the contact at sometime 
t such that O« t < E or0<t< i be x. The flux through the area ODQ is 
Q 
és B:QD xOD- B7 tan x1 


= ;Bi tane, where 0 = wt 
Applying Faraday's law of EMI, 
Thus, the magnitude of the emf generated is e = b = 5 BÉ'asec? at 


The current is I = 5 where R is the resistance of the rod in contact. 


where, R e X 
R=)x = M 
cosot 
2 
I= 1 Bro sec’ot cosot = _ Blo 
Al 2Xcosot 
. T an T 3T 
Let the length OQ of the contact at some timet such that n «t« or B «t« 8 be x. The 


rod is in contact with the side AB. The flux through the area OQBD is 
2 
e-|e« 1. p 
2 tang 
Where, 0-ot 
Thus, the magnitude of emf generated in the loop is 
2 
dé | 1 gj&9 99€ ot 
di 2 tan? ot 
e_ e  £singd (41 Blo 
Ax Al 2 Xsinot 


Similarly for 3* «t < * or 3T <t < L, the rod will be in touch with AC. 
w o 8 2 


€ 


The current is I 


A< 2l >B 


pae 
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The flux through OQABD is given by 
2 
b= [or E p 


2tanot 
And the magnitude of emf generated in loop is given by 
dé _ Bal sec’ ot 
dt 2 tan? ot 
£ € _1 Blo 
R Ax 2 Asinot 
These are the required expressions. 


£ 


l= 


Q. 25Consider an infinitely long wire carrying a current I(t), with 


I . : 
"E À — constant. Find the current produced in the rectangular loop of 


wire ABCD if its resistance is R (figure). 


— —— | —____>| 
A B 
dr Z | 
T x 
D ———C | 
X( 
ES y. 
K Thinking Process 


This question need the use of integration in order to find the total magnetic flux linked 
with the loop. 


Ans. Let us consider a strip of length 7 and width ar at a distance r from infinite long current 
carrying wire. The magnetic field at strip due to current carrying wire is given by 


Field B(r) = Mol (out of paper) 
2nr 
Total flux through the loop is 


Flux = Mo? j[* df. Mois x (i) 
2m "or 2m xg 


The emf induced can be obtained by differentiating the eq. (i) wrt t and then applying Ohm's 
law 


We have, induced current = 1d _ & pol Min x E 
Rat R 2nR Xo 


RIS 
I 
> 

ae, 
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Q. 26A rectangular loop of wire ABCD is kept close to an infinitely long wire 
carrying a current I(t) 2 I9(1 — t/T) forO<t<T and I(0)=0 fort >T 
(figure.). Find the total charge passing through a given point in the 
loop, in time T. The resistance of the loop is R. 


ge RN A 


s 


K Thinking Process 


The charge passes through the circuit can be obtained by finding the relation between 
instantaneous current and instantaneous magnetic flux linked with it. 


Ans. The emf induced can be obtained by differentiating the expression of magnetic flux linked 
wrtt and then applying Ohm's law 


We know that electric current 


dt dt Rat 
Integrating the variable separable form of differential equation for finding the charge 


Q that passed in timet, we have 


Qt) - Qt) = Ziet) - ot) 


ot.) — L, Mo is a It) [Refer to the Eq. (i) of answer no.25] 


‘Onde P 
2 Hob KA inte tx 
2n x 


The magnitude of charge is given by, 
=Hob t+ ip 4 gy 


2n x 
NE i2 + z) 
2n x 


This is the required expression. 


Q. 27 A magnetic field B is confined to a region r <a and points out of the 
paper (the z-axis), r 2 0 being the centre of the circular region. A 
charged ring (charge — Q) of radius b, b » a and mass m lies in the x-y 
plane with its centre at the origin. The ring is free to rotate and is at 
rest. The magnetic field is brought to zero in time At. Find the angular 
velocity @ of the ring after the field vanishes. 


K Thinking Process 


The decrease in magnetic field causes induced emf and hence, electric field around ring. 
The torque experienced by the ring produces change in angular momentum. 


Ans. Since, the magnetic field is brought to zero in time At, the magnetic flux linked with the ring 
also reduces from maximum to zero. This, in turn, induces an emf in ring by the 
phenomenon of EMI. The induces emf causes the electric field E generation around the 
ring. 
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The induced emf = electric field E x (2 mb) (Because V = E x d) (i) 
By Faraday's law of EMI 
The induced emf = rate of change of magnetic flux 
= rate of change of magnetic field x area 
. Bra? 
At 


...(ii) 
From Eqs. (i) and (ii), we have 


2 
27bE = emf = 2% 


Since, the charged ring experienced a electric force = QE 

This force try to rotate the coil, and the torque is given by 
Torque = b x Force 

| Bra? Js 


REL 


2 
-Qb& 
2At 
If AL is the change in angular momentum 


2 
AL = Torque x At = QE 


Since, initial angular momentum = 0 


Now, since Torque x At 2 Change in angular momentum 
2 
Final angular momentum = mb?o = s 
2 
d eod 
2mb 


On rearranging the terms, we have the required expression of angular speed. 


Q. 28 A rod of mass m and resistance R slides smoothly over two parallel 
perfectly conducting wires kept sloping at an angle 0 with respect to the 
horizontal (figure). The circuit is closed through a perfect conductor at 
the top. There is a constant magnetic field B along the vertical 
direction. If the rod is initially at rest, find the velocity of the rod as a 
function of time. 


K Thinking Process 
This problem combines the mechanics, EMI, magnetic force and linear differential 
equation. 
Ans. Here, the component of magnetic field perpendicular the plane = Bcose 
Now, the conductor moves with speed v perpendicular to Bcos@ component of magnetic 
field. This causes motional emf across two ends of rod, which is given by = v(Bcos8)d 
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This makes flow of induced current / = 


107 


v(Bcos6) d where, R is the resistance of rod. Now, 


current carrying rod experience force which is given by F = iBd (horizontally in backward 
direction). Now, the component of magnetic force parallel to incline plane along upward 


direction = Fcos0 = iBd cos0 = t 


(Bcos0)d ) dx 


Bd cos0 where, v = — 
at 


Also, the component of weight (mg) parallel to incline plane along downward direction 


= mg sin. 
Now, by Newton's second law of motion 
2 
m? Y = mg sina Bcosed (=) x (Bd)cos0 
dt? dt 
2.42 
LN gsine - BH (cos0y^v 
at mR 
2-12 
W, Bd“ (cose v = g sing 
at mR 
But, this is the linear differential equation. 
On solving, we get 
g sing Bed? 
V = —*  — + Aexp| -——-(cos* 0)t 
B*d? cos? 0 | mR 
mR 


Ais aconstant to be determine by 


initial conditions. 


The required expression of velocity as a function of time is given by 


mgR sine 


— B’d?.cos26 


2.12 
- o- Bg eec] 
mR 


Q. 29 Find the current in the sliding rod AB (resistance — R) for the 
arrangement shown in figure. B is constant and is out of the paper. 
Parallel wires have no resistance, v is constant. Switch S is closed at 


timet =0. 


K Thinking Process 


This problem combines the co 
equation. 


ncept of EMI, charging of capacitor and linear differential 


Ans. The conductor of length d moves with speed v, perpendicular to magnetic field B as shown 


in figure. This produces motional 


emf across two ends of rod, which is given by = vBd. 


Since, switch S is closed at timet = 0. capacitor is charged by this potential difference. Let 
Q (t) is charge on the capacitor and current flows from A to B. 


Now, the induced current 


On rearranging the terms, we have 


Bd Q 
R RC 
Q „dQ _vBd 


RC d R 


108 NCERT Exemplar (Class XII) Solutions 


This is the linear differential equation. On solving, we get 
Q = vBaC + Aet/FC 
=> Q-vBdC [1-e ^C] — (Attimet = 0, Q=0=A=- vBac). 


Differentiating, we get I — VBd s-unc 


This is the required expression of current. 
Q. 30Find the current in the sliding rod AB (resistance = R) for the 


arrangement shown in figure. B is constant and is out of the paper. 
Parallel wires have no resistance, v is constant. Switch S is closed at 


time t =0. 
X A 
s/ ©B ©B | 
v d 
L ©B ©B 
B 
(9B (9B 


K Thinking Process 
This problem combines the concept of EMI, growth of current in inductor and linear 
differential equation. 


Ans. The conductor of length d moves with speed v, perpendicular to magnetic field B as shown 
in figure. This produces motional emf across two ends of rod, which is given by = vBd. 
Since, switch S is closed at time t = 0. current start growing in inductor by the potential 
difference due to motional emf. 


Applying Kirchhoff's voltage rule, we have 
- L9! , vBd = IR or L% + IR = vBd 
dt at 


This is the linear differential equation. On solving, we get 


I-VBd , pg ml? 
R 


Att=0 I=0 
of A= vBd y= YBd (1 -e7 8L), 
R R 


This is the required expression of current. 


Q. 314A metallic ring of mass m and radius / (ring being horizontal) is falling 
under gravity in a region having a magnetic field. If z is the vertical 
direction, the z-component of magnetic field is B, = By (1+ X z). If R 
is the resistance of the ring and if the ring falls with a velocity v, find 
the energy lost in the resistance. If the ring has reached a constant 
velocity, use the conservation of energy to determine v in terms of m, B, 
à and acceleration due to gravity g. 

K Thinking Process 


This problem establishes a relationship between induced current, power lost and velocity 
acquired by freely falling ring. 
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Ans. The magnetic flux linked with the metallic ring of mass mand radius [falling under gravity in 
a region having a magnetic field whose z-component of magnetic field is B, = By (1+ Az) 
is 

$ =B, (n) - By (1+ AZ) (n9) 
Applying Faraday's law of EMI, we have emf induced given Er a% = rate of change of flux 
Also, by Ohm's law 
- IR 


2 
TBA , 


On rearranging the terms, we have Iz 


Das qu. 5 
Energy lost/second = I? R = (ml E Bev 


This must come from rate of change in PE 2 mg oe = mqgv 
[as kinetic energy is constant for v= constant] 


2 22 
Thus, mgv = (T My) Y or v= mgR 
R (TAB, } 


This is the required expression of velocity. 


Q. 32 A long solenoid S has n turns per meter, with diameter a. At the centre 
of this coil, we place a smaller coil of N turns and diameter b (where 
b < a). If the current in the solenoid increases linearly, with time, what 
is the induced emf appearing in the smaller coil. Plot graph showing 
nature of variation in emf, if current varies as a function of mt? + C. 


K Thinking Process 
This problem require an insight to magnetic field due to current carrying solenoid having 
varying current which induces emf in coil of radius B. 
Ans. Magnetic field due to a solenoid S, B = pnl where signs are as usual. 
Magnetic flux in smaller coil 6 = NBA, where 


A= nb* 
Applying Faraday’s law of EMI, we have 
So, 209 6S" wan 
at at 
Nab? 28) 
at 
where, B=u NM 
dl 
Nnb? un — 
Pot 


= - Annu. b? z (mt? + C) =- ugNnxb?2mt 


Since, current varies as a function of mt? + C. 
e = - Nnxb?2mt 
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Multiple Choice Questions (MCQs) 


Q. 1 If the rms current in a 50 Hz AC circuit is 5 A, the value of the current 
1/300 s after its value becomes zero is 


(a) 542 A (b) 543/2 A 
(0 5/6 A (d) 5/42 A 
Ans. (b) Given, v= 50Hz, Ig, = 5A 
t= Mg 
300 


We have to find I (t) 
I = Peak value 242, Ims =V2 x 5 
=5/2 A 
I= Å sinot = 542 sin2m vt = 5V2 sin2n x 50 x 3 


= 5y2 sin Z = 5/2 x YË = 5372 A 


Q. 2 An alternating current generator has an internal resistance R, and an 
internal reactance X,. It is used to supply power to a passive load 
consisting of a resistance R, and a reactance X,. For maximum power to 
be delivered from the generator to the load, the value of X, is equal to 

(a) zero (b) X, 
(à - X, (d) Ry 

Ans. (c) For delivering maximum power from the generator to the load, total internal reactance 
must be equal to conjugate of total external reactance. 
Hence, Xam Xa 
> Xg Ep) =- X, 


> X, =- Xg 
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Q. 3 When a voltage measuring device is connected to AC mains, the meter 
shows the steady input voltage of 220 V. This means 
(a) input voltage cannot be AC voltage, but a DC voltage 
(b) maximum input voltage is 220 V 


(c) the meter reads not v but «v^» and is calibrated to read V< v? > 
(d) the pointer of the meter is stuck by some mechanical defect 


Ans. (c) The voltmeter connected to AC mains reads mean value (<v?>) and is calibrated in 
such a way that it gives value of «v?-, which is multiplied by form factor to give rms 
value. 


Q. 4To reduce the resonant frequency in an L-C-R series circuit with a 
generator 
(a) the generator frequency should be reduced 
(b) another capacitor should be added in parallel to the first 
(c) the iron core of the inductor should be removed 
(d) dielectric in the capacitor should be removed 


Ans. (b) We know that resonant frequency in an [-C-R circuit is given by 
1 


Va e E 
0 
2nJLC 
Now to reduce v; either we can increase L or we can increase C. 
To increase capacitance, we must connect another capacitor parallel to 
the first. 


Q. 5 Which of the following combinations should be selected for better tuning 
of an L-C-R circuit used for communication? 
(a) R =20 Q, L=15 H,C 235p F 
(b) R =25 Q, L=25 H, C - 45gF 
(c)R =15 Q, L=3.5 H, C =30 uF 
(d) R =25 Q, L =15 H, C = 45 uF 
K Thinking Process 


For better tuning of an L-C-R circuit used for communication, quality factor of the circuit 
must be as high as possible. 


Ans. (c) Quality factor (Q) of an L-C-R circuit is given by, 


gal |Ł 
RVC 
where R is resistance, L is inductance and C is capacitance of the circuit. To make Q 


high, 
R should be low, L should be high and C should be low. 
These conditions are best satisfied by the values given in option (c). 


Note We should be careful while writing formula for quality factor, because we are 
considering series L-C-R circuit. 
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Q. 6 An inductor of reactance 1Q and a resistor of 2Q are connected in series 
to the terminals of a 6V (rms) AC source. The power dissipated in the 


circuit is 
(a) 8 W (b) 12 W 
(c) 14.4 W (d) 18 W 


Ans. (c) Given, X, 210, R =2Q 
Ems 76V, Pay =? 
Average power dissipated in the circuit 
Pay = Ems Tims COS ọ (i) 


Trg = 20, = Pies 
J2 Zz 
= JR? + X? 
=,/441=V5 
6 
Ims = z^ 
R_2 
cos 6 = — = — 
Z 45 
Pi =6x ou. [from Ea. (i)] 
J5 45 
72 72 
=f 12/5 2444W 
4545 5 


Q. 7 The output of a step-down transformer is measured to be 24 V when 
connected to a 12 W light bulb. The value of the peak current is 
(1/42 A (b) 42 A 
(02A (d) 242 A 


Ans. (a) Secondary voltage V; = 24V 
Power associated with secondary R = 12 W 


y eode 
W 24 
=1A=05A 
2 


Peak value of the current in the secondary 
I, =1,v2 


= (05) (1.414) = 0.707 = A 


L 
J2 
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Multiple Choice Questions (More Than One Options) 


Q. 8 As the frequency of an AC circuit increases, the current first increases and 
then decreases. What combination of circuit elements is most likely to 
comprise the circuit? 

(a) Inductor and capacitor (b) Resistor and inductor 
(c) Resistor and capacitor (d) Resistor, inductor and capacitor 


K Thinking Process 


We can decide the elements, comprising the given circuit by predicting the variation in 
their reactances with frequency. 


Ans. (a,d) 
Reactance of an inductor of inductance Lis, X, =2avL 
where v is frequency of the AC circuit. 


X, =Reactance of the capacitive circuit 
1 


2nfC 


On increasing frequency v, clearly X, increases and Xo 
decreases. 


For a L-C-R circuit, 
Z = Impedance of the circuit 


-AR? + (X, - X; 


2 
- RP + (2m - : 
2mvC 


As frequency (v) increases, Z decreases and at certain value of frequency know as resonant 
frequency (vg), impedance Z is minimum that is Z,;,=A current varies inversely with 
impedance and at Z,,;, current is maximum. 


Q. 9 In an alternating current circuit consisting of elements in series, the 
current increases on increasing the frequency of supply. Which of the 
following elements are likely to constitute the circuit? 


(a) Only resistor (b) Resistor and an inductor 
(c) Resistor and a capacitor (d) Only a capacitor 
Ans. (c, d) 


According to the question, the current increases on increasing the frequency of supply. 
Hence, the reactance of the circuit must be decreases as increasing frequency. 
For a capacitive circuit, 


Clearly when frequency increases, X; decreases. 


2 
For R-C circuit, X= |R? + (= 
oC 
when frequency increases X decreases. 
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Q. 10Electrical energy is transmitted over large distances at high alternating 
voltages. Which of the following statements is (are) correct? 
(a) For a given power level, there is a lower current 
(b) Lower current implies less power loss 
(c) Transmission lines can be made thinner 
(d) It is easy to reduce the voltage at the receiving end using step-down 
transformers 
K Thinking Process 
Power loss due to transmission lines having resistance (R) and rms current flowing Lym. is 
T's 
Ans. (a, b, d) 
We have to transmit energy (power) over large distances at high alternating voltages, so 
current flowing through the wires will be low because for a given power (P). 


P = Ems Tims: Jims iS low when E,ms is high. 
Power loss = I^ms R «low ^ Ims is low) 
Now at the receiving end high voltage is reduced by using step-down transformers. 


Q. 11For a L-C-R circuit, the power transferred from the driving source to the 
driven oscillator is P = I*Z cos à. 


Here, the power factor cos $6 20,P 20 

The driving force can give no energy to the oscillator (P 2 0) in some cases 
The driving force cannot syphon out (P « 0) the energy out of oscillator 
The driving force can take away energy out of the oscillator 


a 
b 
C 


(d 


Ans. (a, b, c) 
According to question power transferred, 


= 


( 
( 
( 


= MÀ 


P=I°Zcos ọ 
where T is the current, Z = Impedance and cos @ is power factor 
As power factor, cos 0 = 5 
where R»0andZ»0 
> cosó» 02P»0 


Q. 13/hen an AC voltage of 220 V is applied to the capacitor C 
(a) the maximum voltage between plates is 220 V 
(b) the current is in phase with the applied voltage 
(c) the charge on the plates is in phase with the applied voltage 
(d) power delivered to the capacitor is zero 


Ans. (c, d) 
When the AC voltage is applied to the capacitor, the plate connected to [+ =| 


the positive terminal will be at higher potential and the plate connected to i -| 
the negative terminal will be at lower potential. 


The plate with positive charge will be at higher potential and the plate 


with negative charge will be at lower potential. So, we can say that the TC 
charge is in phase with the applied voltage. (AC) 
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Power applied to a circuit is Pay = Vms Ing; COS $ 

For capacitive circuit, $ = 90° 

> cos 0-0 

> P4, =Power delivered = 0 


Q. 13he line that draws power supply to your house from street has 
a) zero average current 
b) 220 V average voltage 
c) voltage and current out of phase by 90° 
) 


( 
( 
( 
(d 


voltage and current possibly differing in phase such that |0| < 2 
Ans. (a, d) 


For house hold supplies, AC currents are used which are having zero average value 
over a cycle. 


The line is having some resistance so power factor cos = Z +0 


SO, Q+ 1/2—0,« T/2 
i.e., phase lies between 0 and 7/2. 


Very Short Answer Type Questions 


Q. 14If a L-C circuit is considered analogous to a harmonically oscillating 
springblock system, which energy of the L-C circuit would be analogous 
to potential energy and which one analogous to kinetic energy? 

Ans. If we consider a L-C circuit analogous to a harmonically oscillating springblock system. 

The electrostatic energy ; CV? is analogous to potential energy and energy associated with 


moving charges (current) that is magnetic energy G Lr) is analogous to kinetic energy. 


Q. 15Draw the effective equivalent circuit of the circuit shown in figure, at 
very high frequencies and find the effective impedance. 


R} Cy Ly 
= Co 
Lo Ro Ra 


K Thinking Process 
The component with infinite resistance will be considered as open circuit and the 
component with zero resistance will be considered as short circuited. 
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Ans. We know that inductive reactance X, - 2 xí 
and capacitive reactance Xo = l 
2nfC 


For very high frequencies (f — ©), X, > œ and X; > 0 
When reactance of a circuit is infinite it will be considered as open circuit. When reactance of 


a circuit is zero it will be considered as short circuited. 
So, C4, C; 2 shorted and L, Ls — opened. 
Ri Ri R3 
WM WM WM 
Ro R3 > 
WM WM 
e) e) 


So, effective impedance = Reg =A, + R3 


Q. 16 Study the circuits (a) and (b) shown in figure and answer the following 


questions. 
R R L 
AM WW n~- 
© e 
(8) (b) 
(a) Under which conditions would the rms currents in the two circuits be 
the same? 
(b) Can the rms current in circuit (b) be larger than that in (a)? 
Ans. Let, (Lms) a 2 rms current in circuit (a) 
(Tims) b = rms current in circuit (b) 
V, V 
I a= ms =” 
rms) Brg 
(Ims) b= Vms E d 
Z RUE Y 
(a) When (Lins) @ = (Inm) b 
R JR? + (X, - Xo 
m X, = Xe, resonance condition 
(b) AsZ >R 
> (Lims )@ _ R? + (X, — Xe y 
rms )b R 
s 
R 


> (Ims) a2 (Ims JO 
No, the rms current in circuit (b), cannot be larger than that in (a). 
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Q. 17Can the instantaneous power output of an AC source ever be negative? 
Can the average power output be negative? 
Ans. Let the applied emf 
E =E, sin (at) 
and current developed is 
I=], sin (œt + 4) 
Instantaneous power output of the AC source 


P = EI = (Ey sin œt) Up sin (ot + qj] 
= Eg, sin at -sin (ot + 6) 
-Eolo [cos 6 - cos (20t + $)] (i) 
2 
Average power Bue -— — cos $ 


=Vims Ims COS > ...(ii) 
where @ is the phase difference. 
Clearly, from Eq. (i) 


when cos < cos (2 œt + 6) 
P«0 
Yes, the instantaneous power output of an AC source can be negative 
From Eq. (ii) Py >O 
Because cos $= 5 20 


No, the average power output of an AC source cannot be negative. 


Q. 18 In series LCR circuit, the plot of Imax versus œ is shown in figure. Find the 
bandwidth and mark in the figure. 


T 10+ 
E B 
= 054 
0 H 
Ans. Consider the diagram . 
Bandwidth = œ, — œ 
y 
Í 1:0 ae 
gq ff \ 
£ 0.57 
MN " 
0 0.8 1.01.2 


o(rad/s) ——- 
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where œ and œ, corresponds to frequencies at which magnitude of current is 5 times of 


maximum value. 


Clearly from the diagram, the corresponding frequencies are 0.8 rad/s and 1.2 rad/s. 
A @ = Bandwidth =1-2- 0.82 0.4rad/s 


Q. 19 The alternating current in a circuit is described by the graph shown in 
figure. Show rms current in this graph. 


—>- 
m wo 

poma 

UBER as E, 


Ans. Ims =rms current 


2 2 
& d = = [P= 1588 =1.6A 


The rms value of the current (Z'ms) =1.6A is indicated in the graph. 


Q. 20 How does the sign of the phase angle ó, by which the supply voltage 
leads the current in an L-C-R series circuit, change as the supply 
frequency is gradually increased from very low to very high values. 


Ans. The phase angle (@) by which voltage leads the current in [-C-R series circuit is given by 
2nvL — 
Bids Xe 2nvC 

R 


tan 6 « O(for v <vo) 
tan o> 0 (for v» vo) 


1 
tano 2-0 forv = vy = ———— 
? | 2 "o 
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Short Answer Type Questions 


Q. 21A device ‘X’ is connected to an AC source. The variation of voltage, 
current and power in one complete cycle is shown in figure. 
(a) Which curve shows power consumption over a full cycle? 
(b) What is the average power consumption over a cycle? 
(c) Identify the device X. 


Ans. (a) We know that Power « P « VI 
that is curve of power will be having maximum amplitude, equals to multiplication of 
amplitudes of voltage (V) and current (J) curve. So, the curve will be represented by A. 
(b) As shown by shaded area in the diagram, the full cycle of the graph consists of one 
positive and one negative symmetrical area. 


Hence, average power over a cycle is zero. 
(c) As the average power is zero, hence the device may be inductor (L) or capacitor (C) or 
the series combination of L and C. 


Q. 22 Both alternating current and direct current are measured in amperes. 
But how is the ampere defined for an alternating current? 


Ans. For a Direct Current (DC), 
1 ampere - 1 coulomb/sec 
An AC current changes direction with the source frequency and the attractive force would 
average to zero. Thus, the AC ampere must be defined in terms of some property that is 
independent of the direction of current. 
Joule's heating effect is such property and hence it is used to define rms value of AC. 
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Q. 23 A coil of 0.01H inductance and 1Q resistance is connected to 200 V, 
50Hz AC supply. Find the impedance of the circuit and time lag between 
maximum alternating voltage and current. 

Ans. Given, inductance L = 0.01H 

resistance R = 1Q, voltage (V) =200V 
and frequency (f) = 50 Hz. 
Impedance of the circuit Z = JF? -XP- JR? + (2nfL) 
=|? + @ x 314x 50x 0.01}? 
or Z 241086 = 330 
tan o = 9t _2nfL _2 x 314x 50x 0.01 _ 
R R 1 


$ = tan™ (314) = 72? 


3.14 


Phase difference o= 


Time lag between alternating voltage and current 
o_ 727 |) 


At = S 
œ 180x2mx50 250 


Q. 24A 60 W load is connected to the secondary of a transformer whose 
primary draws line voltage. If a current of 0.54 A flows in the load, what 
is the current in the primary coil? Comment on the type of tansformer 
being used. 

Ans. Given, R =60W, I; = 054A 

Current in the primary I, =? 
Taking line voltage as 220 V. 
We can write Since, 


EN P, = 60W, I, = 054A 
60 
E v = =110V. (i 
L^ 054 0 


Voltage in the secondary (Eg) is less than voltage in the primary (Ep). 
Hence, the transformer is step down transformer. 
Since, the transformation ratio 


m 
V L 
I 
Substituting the values, 110V .. 4n 
220V | 054A 
On solving I, = 0.27A 


Q. 25Explain why the reactance provided by a capacitor to an alternating 
current decreases with increasing frequency. 


Ans. A capacitor does not allow flow of direct current through it as the resistance across the gap 
is infinite. When an alternating voltage is applied across the capacitor plates, the plates 
are alternately charged and discharged. The current through the capacitor is a result of this 
changing voltage (or charge). 
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Thus, a capacitor will pass more current through it if the voltage is changing at a faster rate, 
i.e. if the frequency of supply is higher. This implies that the reactance offered by a capacitor 
is less with increasing frequency. 


Mathematically, the reactance can be written as Xp = E 
(0) 


Q. 26Explain why the reactance offered by an inductor increases with 
increasing frequency of an alternating voltage. 

Ans. An inductor opposes flow of current through it by developing a back emf according to 

Lenz's law. The induced voltage has a polarity so as to maintain the current at its present 


value. If the current is decreasing, the polarity of the induced emf will be so as to increase 
the current and vice -versa. 


Since, the induced emf is proportional to the rate of change of current, it will provide greater 
reactance to the flow of current if the rate of change is faster, i.e., if the frequency is higher. 
The reactance of an inductor, therefore, is proportional to the frequency. Mathematically, the 
reactance offered by the inductor is given by X, = @L. 


Long Answer Type Questions 


Q. 27An electrical device draws 2 kW power from AC mains (voltage 223 V 
(rms) = 450000 V). The current differs (lags) in phase by o[tang = 2] 


as compared to voltage. Find (a) R, (b) X; — X, and (c) Iy. Another device 
has twice the values for R, Xç and X,. How are the answers affected? 


K Thinking Process 
We have to apply the formula for phase relation, net reactance as well as instantaneous 
power associate with the circuit in terms of voltage and current. 


Ans. Given, power drawn = P= 2kW = 2000 W 


tan à S dy I =?,R=?, X, - X, =? 


Vms =V =223V 
v? 
Power P = — 
Z 
2 
B _ VE _ 223 x 223 5 
P 2x10 


Impedance Z = 25 Q 
Impedance Z = JR* + (X, - Xo) 


=> 25 = JR? + (X, - Xo} 

or 625 = R° + (X, - XX (i) 
X,-Xo _ 3 

Again, tang = 2L C = 7 

3 ? R 4 

or X-X% =% i) 
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From Eq. (ii), we put X, — Xc = a in Eq. (i), we get 


2 2 
ea =A? + (22) = p24 9P 


16 
2 
or 625 = = 
16 
(a) Resistance R = 4/25 x 16 = J400 = 200 
b) X, -X == ;x20- 150 


(c) Main current I,, = J21 = ves = = x42 =12.6A 


As R, Xo, X, are all doubled, tang does not change. Z is doubled, current is halved. So, 
power is also halved. 


Q.. 28 1 MW power is to be delivered from a power station to a town 10 km 
away. One uses a pair of Cu wires of radius 0.5 cm for this purpose. 
Calculate the fraction of ohmic losses to power transmitted if 


(i) power is transmitted at 220V. Comment on the feasibility of doing 
this. 


(ii) a step-up transformer is used to boost the voltage to 11000V, power 
transmitted, then a step-down transformer is used to bring voltage to 


220 V. (Peu 7 1.7 x 10? SI unit) 
Ans. (i) The town is 10 km away, length of pair of Cu wires used, L = 20 km 220000 m. 
; l l 
Resistance of Cu wires, R= = 
A m(y 


A7 x10? x 20000 _ 
314 (05 x 10°) 


6 
Tat 220V VI=10° W; I= 77 = 045 x10" A 


RI? =power loss 
-4x(045P x 108 W 
> 10° W 
Therefore, this method cannot be used for transmission. 
(ii) When power P = 10° W is transmitted at 11000 V. 
V'I' 3106 Ww 21100017 
Current drawn, I’ = = x 10° 


Power loss = RI? =} x 4x 10* 
121 


=33 x 104W 


4 
Fraction of power loss = n = 3.3% 
10 
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Q. 29 Consider the L-C-R circuit shown in figure. Find the net current ï and the 
phase of 7. Show that ; = z Find the impedance Z for this circuit. 


K Thinking Process 
The circuit consists of inductor (L) and capacitor (C) connected in series and the 
combination is connected parallel with a resistance R. Due to this combination there is 
oscillation of electromagnetic energy. 


Ans. Inthe given figure i is the total current from the source. It is divided into two parts /, through 

R and i, through series combination of C and L. 

So, we can write i = i, + ip 

AS, V, Sin@t=R i [from the circuit diagram] 
.  V4Sin at ; 
=> P R ss d) 
fq, is charge on the capacitor at any timet, then for series combination of C and L. 
Applying KVL in the Lower circuit as shown, 


R 
VWV 
lay C L 
c K-00 


Vm sin ot 
Tay Lon y sin @t = 0 
C t 
qə , LAs y si [..; _ o> | 
> Te 4 77272 =V_ sinat eo ae 
E wh [e sem 
Let qo -q, Sin (ot + 9) we (iii) 
dq; 
—< =q,,@ COs (wt + 
a (at + 4) 
d^g, _ 24 
> d --qQQ0* sin (ot + $) 
Now putting these values in Eq. (ii), we get 


Qm lz +L ee) sin (ot + 4) » V, sinat 
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If 6 = Oand PEICUL 0 
C 


then E B L) 
(c - 7) 
C 

From Eq. (iii), in = we = 0q,, COS (at + à) 
using Eq. (iv), — ss 

— -Le* 

C 

Taking $ = 0; i, = Vn COS (œt) E 


From Eqs. (i) and (v), we find that j, andi, are out of phase by > 


. V4 sinat n Vin COS at 


Now, iy +i, 
B C 
oC 
V, V, ' 
Put m = Ą =C cos þ and m -BzCsiné 


i Caw 
«C 


i, + i, =C cos ẹsin ot + C sin 6 cos wt 


=C sin (at + Q) 
where C= 4A? + B? 
E y? 
B ve Ve 
and o=tar'—C =)-m + € 
A R (sc " Lo 
L oC 
and o = tan“! O R 
1 
— -Lo 
E 
[ Jre 
2 y2 
Hence, ihi p t m | sin (et + 9) 
[= -L 
oC 
Tue 
P EIE. 1 
V. Z 2 2 
dla 
eC 


This is the expression for impedance Z of the circuit. 
Note In this problem, we should not apply the formulae of L-C-R series circuit directly. 
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Q. 30For a L-C-R circuit driven at frequency œ the equation reads 


$+ Rit =v =V,, sin œt 
(a) Multiply the equation by ; and simplify where possible. 
(b) Interpret each term physically. 
(c) Cast the equation in the form of a conservation of energy statement. 
(d) Intergrate the equation over one cycle to find that the phase 
difference between V and 7 must be acute. 


K Thinking Process 
Apply KVL for the given L-C-R series circuit and find the required relations. Also find 
energy loss through the resistors to know net loss of energy through the circuit. 


Ans. Consider the L-C-R circuit. Applying KVL for the loop, we can write 


L C R 
| KW 
V = Vpn sin œt 
di , , . 
> LU a may sin ot E 
EC m (i) 
Multiplying both sides by /, we get 
di q A ; " 
Li — + i + I?R = (V ijsinot =V — e ii 
CET. (Va) (ii) 
ya _d 


where (Fu? = rate of change of energy stored in an inductor. 


E "ur 
Ri? =joule heating loss 
q.d g^ e i 
+j = — | |=rate of change of energy stored in the capacitor. 
C dt(2C 


Vi = rate at which driving force pours in energy. It goes into (i) ohmic loss and (ii) increase of 
stored energy. 


Hence Eq. (ii) is in the form of conservation of energy statement. Integrating both sides of 
Eq. (ii) with respect to time over one full cycle (0 > T) we may write 


2 
Td | 1/2 , Q^ at + [ Ri^at = [Vit 
oat {2 2C o 0 


: 
=> 04 (eve) = [Viat 
0 


* 
> | Vi dt > Oif phase difference between V and | is a constant and acute angle. 
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Q. 31In the L-C-R circuit, shown in figure the AC driving voltage is V =V,, 


sin oot. 
(a) Write down the equation of motion for q(t). 
(b) At t 2 ty, the voltage source stops and R is short circuited. Now write 
down how much energy is stored in each of L and C. 
(c) Describe subsequent motion of charges. 


R L 
WANN TFT 


K Thinking Process 
We have to apply KVL write the equations in the form of current and charge double 
differentiate the equation with respect to time and find the required relations. 


Ans. (a) Consider the R-L-C circuit shown in the adjacent diagram. 


e) 
V = Vn sin ot 
Given V = Vp sin ot 
Let current at any instant be / 
Applying KVL in the given circuit 
; di q ; ; 
iR + L— + —-V, sinat = 0 sexi 
ac" (i) 
7 2 
Now, we can write j= dq > gi = ag 
dt dt dt? 
2 
From Ea, (i) dd RLA 40 Ly sinat 
dt dt? C 
2 
E SW R% 9 Ly sinat 
at? at 


This is the required equation of variation (motion) of charge. 
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(b) Let g =q,,Sin(@t + ¢)=- q,, cos (at + à) 
i-i, sin@t + 9) 2q,, wsin (ot + à) 
, V 
f —9Á E m 


" Z JRX% -xX 
a (X-X 
= tan | 2C 7 ^L 
j ( R 


When R is short circuited att — t5, energy is stored in L and C. 
2 


CES X 7| A 
COAL 


Gel yeti 
2^ 72 


and ioe [g^m cos* (a y + $J] 


=, cos? (a y + 4) [im 29,0] 


(c) When R is short circuited, the circuit becomes an LC oscillator. The capacitor will go on 
discharging and all energy will go to L and back and forth. Hence, there is oscillation of 
energy from electrostatic to magnetic and magnetic to electrostatic. 
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Multiple Choice Questions (MCQs) 


Q. 1 One requires 11 eV of energy to dissociate a carbon monoxide molecule 
into carbon and oxygen atoms. The minimum frequency of the appropriate 
electromagnetic radiation to achieve the dissociation lies in 

(a) visible region (b) infrared region 
(c) ultraviolet region (d) microwave region 
Ans. (c) Given, energy required to dissociate a carbon monoxide molecule into carbon and 
oxygen atoms E = 11eV 
We know that, E = hv, where h = 662 x 10?^J-s 


v = frequency 


— 11eV 2 hv 
11x 16x 107° 
> VS meu e 
h 
_11x1.6x 107" 
662 x 10 9 
22.65 x 10'° Hz 


This frequency radiation belongs to ultraviolet region. 


Q. 2 A linearly polarised electromagnetic wave given as E = Ei cos (kz — ox) is 
incident normally on a perfectly reflecting infinite wall at z = a. Assuming 
that the material of the wall is optically inactive, the reflected wave will 


be given as 
(a) E, =E,i(kz — at) (b) E, = E, i cos(kz + at) 
(0 E, =—E,i cos(kz + wt) (d) E, = E, i sin(kz — œt) 


K Thinking Process 


When a wave is reflected from a denser medium, then its phase changes by 180° or m. 


Ans. (b) When a wave is reflected from denser medium, then the type of wave doesn't change 
but only its phase changes by 180° or s radian. 


Thus, for the reflected wave 2 = -Z, i = — i and additional phase of m in the incident 
wave. 
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Given, here the incident electromagnetic wave is, 
E = E,icos(kz — ox) 
The reflected electromagnetic wave is given by 
E, = E, (Ci) cos[k(-Z) - ot + 1] 
=- E,icos[-(kz ex) + x] 
7 E icos[-(k, + at)= E, icos(kz + at)] 


Q. 3 Light with an energy flux of 20 W/cm? falls on a non-reflecting surface at 
normal incidence. If the surface has an area of 30 cm?, the total 
momentum delivered (for complete absorption) during 30 min is 

(a) 36 x10? kg-m/s (b) 36 x 10* kg-m/s 
(c) 108 x 10? kg-m/s (d) 1.08 x 107 kg-m/s 
Ans. (b) Given, energy flux @ = 20W/ cn* 
Area, A= 30cm? 
Time, t = 30min = 30 x 60s 
Now, total energy falling on the surface in timet is, U = $At = 20 x 30 x (30 x 60) J 
Momentum of the incident light = z 
_ 20x 30x (30x60) ,, _ ag. 494 ene 
3x 108 
Momentum of the reflected light = 0 
-. Momentum delivered to the surface 
= 36x 10% — 0 = 36 x 10 kg-ms 


Q. 4 The electric field intensity produced by the radiations coming from 100 W 
bulb at a 3 m distance is £. The electric field intensity produced by the 
radiations coming from 50 W bulb at the same distance is 

E E 
(a) 5 (b) 2E (c) B (d) V2E 


K Thinking Process 
Electric field intensity on a surface due to incident radiation is, 


I; 9c E 

Pow. EZ 

A 

Here, Pc E? [~ A is same in both cases] 
Ans. (c) We know that, E, e JP, 

(Eh — (Exh E _ [1000 
(E; J (Pay jo (E, e 50 
(Es) =E/vN2 


Now according to question, P’ = 50W, P = 100 W 
Putting these value in Eq.(i), we get 
E^ . 60 E' 1 GE 
> >E 
E 100 E 2 2 
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Q. 5 If E and B represent electric and magnetic field vectors of the 
electromagnetic wave, the direction of propagation of electromagnetic 
wave is along 

(a) E (b) B (c)Bx E (d) Ex B 

Ans. (d) The direction of propagation of electromagnetic wave is perpendicular to both electric 
field vector E and magnetic field vector B, i.e., in the direction of Ex B. 
This can be seen by the diagram given below 


Xx 
E 
| " 
yx B 
Here, electromagnetic wave is along the z-direction which is given by the cross product 


of E and B. 


Q. 6 The ratio of contributions made by the electric field and magnetic field 
components to the intensity of an EM wave is 
(a) c:1 (pic^d () 1:1 (d) Jc :1 


K Thinking Process 
Intensity of electromagnetic wave, I =U c 
where, U ay 7 Average energy 
and c — speed to light 


Ans. (c) Intensity in terms of electric field Uw = L 


2 
Intensity in terms of magnetic field U = zz. 
oO 


Now taking the intensity in terms of electric field. 


(U, electric field = rfl 


1 
= = 5% (08, y (7 E, =cB) 

1 252 

= 8% 65B 

z? 
But c= d 

Vo £5 

1» 1B 


(Uav) Electric field = 2 & X TA 2u, 
= (ay magnetic field 
Thus, the energy in electromagnetic wave is divided equally between electric field 
vector and magnetic field vector. 
Therefore, the ratio of contributions by the electric field and magnetic field components 
to the intensity of an electromagnetic wave is 1: 1. 
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Q. 7 An EM wave radiates outwards from a dipole antenna, with E, as the 
amplitude of its electric field vector. The electric field E, which transports 


significant energy from the source falls off as 


1 1 
(a) = (b) 5 
p r 
(c) L (d) remains constant 
r 
Ans. (c) From a diode antenna, the electromagnetic waves are radiated outwards. 
The amplitude of electric field vector (E,) which transports significant energy from the 


source falls off intensity inversely as the distance (r) from the antenna, i.e., E, ex —. 
r 


Q. 8 An electromagnetic wave travels in vacuum along z-direction 
E = (E,i E,j)cos(kz — wt). Choose the correct options from the following 


(a) The associated magnetic field is given as 
B = —(Eji — Ej ) cos(kz — ot) 
[o 
(b) The associated magnetic field is given as 
B = — (£,i — E5j ) cos(kz — at) 
e 
(c) The given electromagnetic field is circularly polarised 
(d) The given electromagnetic wave is plane polarised 


K Thinking Process 


From Maxwell's equations, it is seen that the magnitude of the electric and the magnetic 
fields in an electromagnetic wave are related as 


Ans. (d) Here, in electromagnetic wave, the electric field vector is given as, 
E - (Ei + E,j)cos(kz - ot) 
In electromagnetic wave, the associated magnetic field vector, 
OE _EÎ+E j 
C C 


Also, E and B are perpendicular to each other and the propagation of electromagnetic 
wave is perpendicular to E as well as B, so the given electromagnetic wave is plane 
polarised. 


B cos(kz — wt) 
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Multiple Choice Questions (More Than One Options) 


Q. 9 An electromagnetic wave travelling along z-axis is given as 
E = E, cos(kz — œt). Choose the correct options from the following 


(a) The associated magnetic field is given as B= 1 kxE= x (k x E) 
€ [0] 


(b) The electromagnetic field can be written in terms of the associated magnetic 
field as E = c (B x k) 


(0) k-E=0,k-B=0 
(d) kxE=0,kxB=0 


K Thinking Process 
Given, E = E, cos(kz — ex). Thus, it acts along negative y-direction. 
Ans. (a, b, c) 
Suppose an electromagnetic wave is travelling along negative z-direction. Its electric field is 
given by 
E-E,cos(kz - at) 
which is perpendicular to z-axis. It acts along negative y-direction. . 
The associated magnetic field B in electromagnetic wave is along x-axis i.e., along k x E. 


AS, B= Eo 
C 
B= | RxE) 
e 
The associated electric field can be written in terms of magnetic field as 
E =c (Bxk). 


Angle between k and E is 90° between k and B is 90°. Therefore, E = 1Ecos90°= 0 and 
k-B = 1 Ecos 90°=0. 


Q. 10 A plane electromagnetic wave propagating along x-direction can have 
the following pairs of E and B. 
(a) E, B, DE, B, (c) B,, Ey (d) E, B, 
Ans. (b, d) 
As electric and magnetic field vectors E and B are perpendicular to each other as well as 
perpendicular to the direction of propagation of electromagnetic wave. 


Here in the question electromagnetic wave is propagating along x-direction. So, electric and 
magnetic field vectors should have either y-direction or z-direction. 


Q. 11 A charged particle oscillates about its mean equilibrium position with a 
frequency of 10° Hz. The electromagnetic waves produced 
(a) will have frequency of 10° Hz (b) will have frequency of 2 x 10? Hz 
(c) will have wavelength of 0.3 m (d) fall in the region of radiowaves 
K Thinking Process 


The frequency of electromagnetic waves produced by a charged particle is equal to the 
frequency by which it oscillates about its mean equilibrium position. 


Ans. (a, c, d) 
Given, frequency by which the charged particles oscillates about its mean equilibrium 
position = 10? Hz. 
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So, frequency of electromagnetic waves produced by the charged particle is v — 10? Hz. 
8 
Wavelength A = ez MC - 03m 
v 


Also, frequency of 10? Hz fall in the region of radiowaves. 


Q. 1The source of electromagnetic waves can be a charge 
(a) moving with a constant velocity (b) moving in a circular orbit 
(c) at rest (d) falling in an electric field 
K Thinking Process 
An electromagnetic wave can be produced by accelerated or oscillating charge. 
Ans. (b, d) 
Here, in option (b) charge is moving in a circular orbit. 


In circular motion, the direction of the motion of charge is changing continuously, thus it is 
an accelerated motion and this option is correct. 


Also, we know that a charge starts accelerating when it falls in an electric field. 


Q. 13 An EM wave of intensity I falls on a surface kept in vacuum and exerts 
radiation pressure p on it. Which of the following are true? 


a) Radiation pressure is 2 if the wave is totally absorbed 
c 


b) Radiation pressure is E if the wave is totally reflected 
ro 


- 2. A 
c) Radiation pressure is — if the wave is totally reflected 
[o 


d) Radiation pressure is in the range z «p« a for real surfaces 
c c 


Ans. (a, c, d) 
Radiation pressure (p) is the force exerted by electromagnetic wave on unit area of the 
surface, i.e., rate of change of momentum per unit area of the surface. 


Momentum per unit time per unit area 
Intensity _ 1I 


Speed of wave c 


Change in momentum per unit time per unit area — Aa radiation pressure (p) 
C 
; AI 
EQ p=— 
c 
Momentum of incident wave per unit time per unit area = I 
C 
When wave is fully absorbed by the surface, the momentum of the reflected wave per unit 
time per unit area = O. 
Radiation pressure (p) = change in momentum per unit time per unit area = Al - T 0z 2 
c cC C 
When wave is totally reflected, then momentum of the reflected wave per unit time per unit 
I sai I I| 2I 
area = ——, Radiation pressure p = — - | -= |=—. 
[e C [e [o 


Here, p lies between E and zd 


C C 
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Very Short Answer Type Questions 


Q. 14 Why is the orientation of the portable radio with respect to broadcasting 
station important? 


Ans. The orientation of the portable radio with respect to broadcasting station is important 
because the electromagnetic waves are plane polarised, so the receiving antenna should 
be parallel to the vibration of the electric or magnetic field of the wave. 


Q. 15 Why does microwave oven heats up a food item containing water 
molecules most efficiently? 


Ans. Microwave oven heats up the food items containing water molecules most efficiently 
because the frequency of microwaves matches the resonant frequency of water molecules. 


Q. 16 The charge on a parallel plate capacitor varies as q = qo cos2nwt. The 


plates are very large and close together (area = A, separation = d). 
Neglecting the edge effects, find the displacement current through the 


capacitor. 
Ans. The displacement current through the capacitor is, 
d ' 
I, -L- (i) 
Here, q =q )Cos2nvt (given) 


Putting this value in Eq (i), we get 
I, =I, --Qqgsin2nvt x 2nv 
I, =I, --2mvqgsin2nvt 


Q. 17A variable frequency AC source is connected to a capacitor. How will the 
displacement current change with decrease in frequency? 


K Thinking Process 
Capacities reactance X. is inversely proportional to the displacement current i.e, X, o< 7 


Ans. Capacitive reaction X, = = 


2mfC’ 
X, 


C 


gl 

f 
As frequency decreases, X, increases and the conduction current is inversely proportional 
ofere 


C 
So, displacement current decreases as the conduction current is equal to the displacement 
current. 
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Q. 18 The magnetic field of a beam emerging from a filter facing a floodlight is 
given by 


By - 12 x 10 ? sin(1.20 x 10’ z — 3.60 x 10 ^t) T. 
What is the average intensity of the beam? 
Ans. Magnetic field B = B, sinat 
Given, equation B = 12 x 10 ?sin(120 x 10’z — 360 x 10^?t) T. 
On comparing this equation with standard equation, we get 


B, 212 x 10° 
2 [82 8 
The average intensity of the beam Iy = 1 Bo c= 1 x ei XT 
Ho 2 4n x 107 
=1.71W/m? 


Q. 19Poynting vectors S is defined as a vector whose magnitude is equal to the 
wave intensity and whose direction is along the direction of wave 


propogation. Mathematically, it is given by Se. pub Show the 


[^] 
nature of S versus t graph. 


Ans. Consider and electromagnetic waves, let E be varying along y-axis, B is along z-axis and 


propagation of wave be along x-axis. Then Ex B will tell the direction of propagation of 
energy flow in electromegnetic wave, along x-axis. 


Let E = E, sin(at — kx)j 
B = B, sin(ot — kx) k 


s- (Ex B)- EB, sir (ot — kx) fj xk] 


[0] Ho 
— EB si? (t — kx) i 
"m 


The variation of |S| with timet will be as given in the figure below 


Q. 20 Professor CV Raman surprised his students by suspending freely a tiny 
light ball in a transparent vacuum chamber by shining a laser beam on 
it. Which property of EM waves was he exhibiting? Give one more 
example of this property. 


Ans. An electromagnetic wave carries energy and momentum like other waves. 


Since, it carries momentum, an electromagnetic wave also exerts pressure called radiation 
pressure. This property of electromagnetic waves helped professor CV Raman surprised his 
students by suspending freely a tiny light ball in a transparent vacuum chamber by shining a 
laser beam on it. The tails of the camets are also due to radiation pressure. 
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Short Answer Type Questions 


Q. 21Show that the magnetic field B at a point in between the plates of a 


HoE of dE 


parallel plate capacitor during charging is symbols having 


usual meaning). 


Ans. Consider the figure ginen below to prove that the magneti field B at a point in between the 
dE 


plater of a paravel- plate copocior during charging is cs m 


Let I, be the displacement current in the region between two plates of parallel plate 
capacitor, in the figure. 

The magnetic field induction at a point in a region between two plates of capacitor at a 
perpendicular distance r from the axis of plates is 


B = Moth Mog -Boxe do: lz = Eod e | 
Aur 2n ^ 2m ° at | q at | 
= Hote 9 (Enr?) = Hofo q2 IE 
2mr dt 2nr at 
p = Moko! dE 74e = En? 
B d I ] 


Q. 22 Electromagnetic waves with wavelength 
(i) A, is used in satellite communication. 
(ii) A, is used to kill germs in water purifies. 
(iii) à, is used to detect leakage of oil in underground pipelines. 
(iv) A, is used to improve visibility in runways during fog and mist 
conditions. 


(a) Identify and name the part of electromagnetic spectrum to which these 
radiations belong. 

(b) Arrange these wavelengths in ascending order of their magnitude. 

(c) Write one more application of each. 
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Ans. (a) (i) Microwave is used in satellite communications. 
So, A, is the wavelength of microwave. 
(ii) Ultraviolet rays are used to kill germs in water purifier. So, à, is the wavelength of UV 
rays. 
(iii) X-rays are used to detect leakage of oil in underground pipelines. So, X4 is the 
wavelength of X-rays. 


(iv) Infrared is used to improve visibility on runways during fog and mist conditions. So, 
itis the wavelength of infrared waves. 
(b) Wavelength of X-rays < wavelength of UV < wavelength of infrared < wavelength of 
microwave. 


=> Ng < Ào < dy < dy 
(c) (i) Microwave is used in radar. 

(ii) UV is used in LASIK eye surgery. 

(ii) X-ray is used to detect a fracture in bones. 

(iv) Infrared is used in optical communication. 


Q. 23 Show that average value of radiant flux density S over a single period T 


1 
is given by S = —— E?. 
g y 2c Ho 0 


Ans. Radiant flux densityS = (E x B) - c? e, (Ex B) UM 
Ho | vH o£o | 
Suppose electromagnetic waves be propagating along x-axis. The electric field vector of 
electromagnetic wave be along y-axis and magnetic field vector be along z-axis. Therefore, 
E, =E,cos(kx - wt) 


and B=B,cos(kx — at) 
Ex B=(E, x B,)cos* (kx — at) 
S - c?g (Ex B) 


- c*£y(E, x B, )cos?(kx — at) 
Average value of the magnitude of radiant flux density over complete cycle is 
T 
Sa, 2 c? e, |Ey x Bj + [coste - of pt 


ie T [s eee =T 
=o REB NON ; E [cos (kx — ax at = 2 
i > 
= 5 See E2) As,c = Fo 
2 C i B, | 
C.p2 C 1 ge fi 1 | 

= ££ x E ik = OF £y = 
2 2 c^ AH o£o clo | 

EO 


Hence proved. 
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Q. 24 You are given a 2uF parallel plate capacitor. How would you establish an 
instantaneous displacement current of 1 mA in the space between its 
plates? 


Ans. Given, capacitance of capacitor C = 2uF, 
Displacement current Jy — 1mA 


Charge q =CV 
Idt =CaV [-g = it] 
or Liz av 
TU 
1x10? 22 x 109 x V 
at 
dv 1 


or > x 10*° = 500 V/s 


at 
So, by applying a varying potential difference of 500 V/s, we would produce a displacement 
current of desired value. 


Q. 25 Show that the radiation pressure exerted by an EM wave of intensity I on 


a surface kept in vacuum is C 


Force F 
Ans. Pressure = E 
Area A 
Force is the rate of change of momentum 
ie. mU 
dt 
Energy in time df, U - p.Cor p- 9. 
C 
Pressure = | 
A C-dt 
Pressure = d ls I «Intensity = U] 
C L A-dt | 


Q. 26What happens to the intensity of light from a bulb if the distance from 
the bulb is doubled? As a laser beam travels across the length of room, 
its intensity essentially remain constant. 

What geometrical characteristic of LASER beam is responsible for the 
constant intensity which is missing in the case of light from the bulb? 


Ans. As the distance is doubled, the area of spherical region (4rr°) will become four times, so 
p g 


the intensity becomes one fourth the initial value Ix +] but in case of laser it does not 
r 


spread, so its intensity remain same. 

Geometrical characteristic of LASER beam which is responsible for the constant intensity are 
as following 

(i) Unidirection (ii) Monochromatic 
(iii) Coherent light (iv) Highly collimated 

These characteristic are missing in the case of light from the bulb. 
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Q. 27 Even though an electric field E exer ts a force qE on a charged particle 
yet electric field of an EM wave does not contribute to the radiation 
pressure (but transfers energy). Explain. 


Ans. Since, electric field of an EM wave is an oscillating field and so is the electric force caused 
by it on a charged particle. This electric force averaged over an integral number of cycles is 
zero, since its direction changes every half cycle. 


Hence, electric field is not responsible for radiation pressure. 


Long Answer Type Questions 


Q. 28 An infinitely long thin wire carrying a uniform linear static charge 
density À is placed along the z-axis (figure). The wire is set into motion 
along its length with a uniform velocity v = vk,. Calculate the pointing 


vector S — ET x B). 


Ho 
x 
Ans. Given, E= Mes 
27£,8 
B M 
Belo $ -BoA f [- I= ày] 
2na 2na 
[X =| 
Sa. ExBj 1_ 9 Pong; 
Ho Ho|2me&gaa 2na 
P5 2 4 2y a 
iv üxp-- AV k 
An’ &a* 4n^&a* 


Q. 29Sea water at frequency v 24 x 10? Hz has permittivity € = 8089, 
permeability u = uy and resistivity p = 0.25 m. Imagine a parallel plate 
capacitor immersed in sea water and driven by an alternating voltage 
source V(t) =V, sin(2xvt). What fraction of the conduction 
current density is the displacement current density? 


K Thinking Process 


The conduction current density is given by the Ohm's law = Electric field between the 
plates. 
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Ans. Suppose distance between the parallel plates isd and applied voltage Vey = V2 nvt. 
Thus, electric field 


Ec Vo sine nvt) 
d 


Vo sine avt) 


Now using Ohm's law, di = 1 
pd 
> = Yo sin? mvt) = USsin2 nvt 
P 
Here, J5= Mo 
pd 
Now the displacement current density is given as 
EE | Vo sine avt) 
dt dt La | 
- £2 To cos(2 nvt) 
=> = JS cos(2 nvt) 
where, J$ = PARVEN 
d 
d 
m Jo 2nveV, pd _ 2 avep 
Jo d Vs 
—2m x 80gyv x 0.25= 4n£yv x 10 
_ dv 4 
9x10 9 


Q. 30A long straight cable of length / is placed symmetrically along z-axis and 
has radius a(«« l). The cable consists of a thin wire and a co-axial 
conducting tube. An alternating current I(t)= I, sin(2nuvt) flows down 
the central thin wire and returns along the co-axial conducting tube. The 
induced electric field at a distance s from the wire inside the cable is 


E (s,t) = oTov cos(2xvt) ln B k. 
a 


(i) Calculate the displacement current density inside the cable. 
(ii) Integrate the displacement current density across the cross-section of 
the cable to find the total displacement current I^. 
(iii) Compare the conduction current I, with the displacement current IE. 


K Thinking Process 
Displacement current density 
J =e dE 
dto 


Ans. (i) Given, the induced electric field at a distance r from the wire inside the cable is 
E(st) = ugIgvcost? mm) k 
a 
Now, displacement current density, 


d[ sy 
Jy = £ Ur = o Gp Pree wor(3 J| 
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= d Sr 
- Eo otov z [0082 mmf E) k 


sip v?2 n[-sin2 nvt] In B 
g a 


O 


E si sin2 nvt vs \k les lj 
: S 


- 12 TI, TE Jsin2avtk 
X S 
=F My, In? sin2 nvt k 

>» S 


(ii) 1, = [Jysdsd0= [^ J,sds(" de |" J,sds x 2m 


- f [oo (2 )ooosinans | x2 

5) «demam 

x) «stis 

(e) nennt (o) 45) 

AE enm] G) 

x) rea 2) 

e anami kti |- " «(£j "i i | 


I, See Isin 2 nvt 


l 


4 


4 
> - (228) Isin 2 nvt 
2X 
(iii) The displacement current, 


2 
I, = EJ Iysin2nwt = Ig, sin2 wt 


2ra V an 
Here, Loy - (=) Ip -( Ip 
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Q. 31A plane EM wave travelling in vacuum along z-direction is given by 


^ 
. 


E = E, sin(kz — ot) i and B = B, sin(kz — œt) j. 
(i) Evaluate [E dl over the rectangular loop 1234 shown in figure. 
(ii) Evaluate ILE ds over the surface bounded by loop 1234. 


-d E 
0p to prove & = c. 


iii) U uation | E- dl = 
(iii) Use equati | B, 


(iv) By using similar process and the equation 


1 
AH. o£0 


d 
[B-dl=y 7 t £g po prove that c — 


XA 
4 3 
h 
] >Z 
1 2 
y 
Ans. (i) Consider the figure given below 


XA 


h dl dl 


| 1 2 


Zz d z% / 
B =Bof 
y 


During the propagation of electromagnetic wave a long z-axis, let electric field vector (E) 
be along x-axis and magnetic field vector B along y-axis, i.e., E =E,i and B = B, j. 


Line integral of E over the closed rectangular path 1234 in x-z plane of the figure 
2 
j&-di- [E-dl+ [E-dl+ [E-ar« [E-al 
2 3 4 1 
=Í E -dlcos90 + Í E-dlcos0 + Í E-dlcos90+ Í E- dlcos180° 
1 2 3 4 
= Egh[sin(kz, — wt) — sin(kz, — gat )] 
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(ii) For evaluating | B. ds, let us consider the rectangle 1234 to be made of strips of are 
9 9 p 


ds = hdz each. 
B-ds = {B-dscos0 = (B-ds = [^ B,sin(kz - ot )hd. 
| ds = | -dscos =Í ds-[pL osin(kz — wt )hdz 
_ -Boh kz kz 
HE x > — wt )— cos(kz, — ot )] 
x 
>Z 
B = Boj 
y 
€ dp d 
iii) Given, þE -dl = —*8 = - — B -ds 
M x ME saa 


Putting the values from Eqs. (i) and (ii), we get 
Egh[sin(kz, — wt) — sin(kz, — œt )] 


eg Buh s E 
a aie ere cot )— cos (kz, d 


- BA asini; - ot) - sin(kz, — œt )] 


k 
=> p, AP -Bc Gea 
k k 
5 Eo 26 
Bo 
(iv) For evaluating fB-dl, let us consider a loop 1234 in y-z plane as shown in figure given 
below 
XA 
E=E,iA 
L q 4 >Z 
4 
B 
B - Boj di B B 
di dl 
y 2 B 3 


2 3 4 1 
jga-[ B.dl« f B-d + [. B-dl+ |, B-dl 
2 3 4 1 
=| B-dicos0 +Í B-dlcos 90° + Í B -dlcos180°+ Í B-dicos 90° 
1 2 3 ? 
= Byh[sin(kz, — ot) - sin(kz, — et) ...(iii) 
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Now to evaluate óc = [E 4s. let us consider the rectangle 1234 to be made of strips of 


area hd, each. 


XA 
E = Ei Å 
14 dz ze x 
^ 4 
B = Boj ds d 
M dl 
y 2 3 


¢ = [E-ds = f Edscos0 = [Eds = L ? Ey sin(kz, — wt )hdz 
1 


=- Eo Icostz; — at) - cos(kz, — œt )] 


gi. Éghim [sin(kz, — wt) — sin(kz, — œt )] ...(iV) 
dt k 
In pB-al = ui + ack } I «conduction current 
= Qin vacuum 


d à 
B.dl = u.c? % 
f "ott 


Using relations obtained in Eqs. (iii) and (iv) and simplifying, we get 
[o TES 
By = E, ces 0 


Epo | 1 
> aS 
B) K Moo 
But Po. - pans 6k 
Bs 
> G= 1 therefore c = 1 
Hoo VH o£0 


Q. 32A plane EM wave travelling along z-direction is described by 
E = E, sin(kz — œt) i and B = B, sin(kz — œt) j. Show that 


(i) the average energy density of the wave is given by 
2 


1 1B 
Uay =P, += 
4 4 Uo 
(ii) the time averaged intensity of the wave is given by 
I = 5 oko . 


Ans. (i) The electromagnetic wave carry energy which is due to electric field vector and 
magnetic field vector. In electromagnetic wave, E and B vary from point to point and 
from moment to moment. Let E and B be their time averages. 
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The energy density due to electric field E is 


Up = d 
The energy density due to magnetic field B is 
4,218 
2 uo 
Total average energy density of electromagnetic wave 
2 
Ua, Ug + Ug = Le£? + — 


Let the EM wave be propagating along z-direction. The electric field vector and magnetic 
field vector be represented by 


E = E sin(kz — ox) 


B = Bysin(kz — wt) 
2 
The time average value of E? over complete cycle = z 


l BG 
and time average value of B? over complete cycle = c 


1 
{By (ER ie" E5 
4uo 4 Hg Alto 


(ii) We know that E) 2 cB, andc = 


X Ho = Lei 


Ug =Ug 
2 
Hence, TN -1e E? 2m 
4 4g 
1 2,1 2 
= —€,F5 + -£E 
40-0 * 4foFo 
2 
=le, E? 1B 
2 2o 


Time average intensity of the wave 


1 1 
Lug s egFoc = PE ES 


Ray Optics and Optical 
Instruments 


Multiple Choice Questions (MCQs) 


Q. 1 A ray of light incident at an angle 0 on a refracting face of a prism 
emerges from the other face normally. If the angle of the prism is 5? and 
the prism is made of a material of refractive index 1.5, the angle of 
incidence is 

(a) 7.5? (b) 5? (c) 15? (d) 2.5? 
K Thinking Process 


The ray refractive by first surface falls normally on second surface , in order to emerges 
from the other face normally. 


Ans. (a) Since, deviation = (u — 1) A = (15 — 1) x 5° = 2.5? 
By geometry, angle of refraction by first surface is 5°. 
Butó 20- r , so, we have, 2.5? = 0 — 5° on solving 0 = 7.5°. 


Q. 2 A short pulse of white light is incident from air to a glass slab at normal 
incidence. After travelling through the slab, the first colour to emerge is 
(a) blue (b) green (c) violet (d) red 


K Thinking Process 


When light ray goes from one medium to other medium, the frequency of light remains 
unchanged. 


Ans. (d) Since v «A, the light of red colour is of highest wavelength and therefore of highest 
speed. Therefore, after travelling through the slab, the red colour emerge first. 


Q. 3 An object approaches a convergent lens from the left of the lens with a 
uniform speed 5 m/s and stops at the focus. The image 
(a) moves away from the lens with an uniform speed 5 m/s 
(b) moves away from the lens with an uniform acceleration 
(c) moves away from the lens with a non-uniform acceleration 
(d) moves towards the lens with a non-uniform acceleration 
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Ans. (c) 


K Thinking Process 
This problem has link with the formation of image when object is at different positions. 


When an object approaches a convergent lens from the left of the lens with a uniform 
speed of 5 m/s, the image away from the lens with a non-uniform acceleration. 


Q. 4 A passenger in an aeroplane shall 


Ans. (b) 


(a) never see a rainbow 

(b) may see a primary and a secondary rainbow as concentric circles 
(c) may see a primary and a secondary rainbow as concentric arcs 
(d) 
A passenger in an aeroplane may see a primary and a secondary rainbow like 
concentric circles. 


shall never see a secondary rainbow 


Q. 5 You are given four sources of light each one providing a light of a single 


Ans. (c) 


Q.6 


colour - red, blue, green and yellow. Suppose the angle of refraction for 
a beam of yellow light corresponding to a particular angle of incidence 
at the interface of two media is 90?. Which of the following statements 
is correct if the source of yellow light is replaced with that of other 
lights without changing the angle of incidence? 
(a) The beam of red light would undergo total internal reflection 
(b) The beam of red light would bend towards normal while it gets refracted 
through the second medium 
(c) The beam of blue light would undergo total internal reflection 
(d) The beam of green light would bend away from the normal as it gets refracted 
through the second medium 
K Thinking Process 
This problem is based on the critical angle of total internal reflection. 


According to VIBGYOR, among all given sources of light, the blue light have smallest 
wavelength.According to Cauchy relationship, smaller the wavelength higher the 
refractive index and consequently smaller the critical angle. 


So, corresponding to blue colour, the critical angle is least which facilitates total internal 
reflection for the beam of blue light. The beam of green light would also undergo total 
internal reflection. 


The radius of curvature of the curved surface of a plano-convex lens is 
20 cm. If the refractive index of the material of the lens be 1.5, it will 
(a) act as a convex lens only for the objects that lie on its curved side 
(b) act as a concave lens for the objects that lie on its curved side 
(c) act as a convex lens irrespective of the side on which the object lies 
(d) act as a concave lens irrespective of side on which the object lies 
K Thinking Process 


aos R - 
By lens maker's formula for plano-convex lens, focal length is given by dem This is 
H — 


always positive for u >1 or optically denser medium of material of lens placed in air. 


Ans. (c) Here, R =20cm, u = 15, on substituting the values in f = att = = 40 cm of 


p-1 15-1 
converging nature as f>0. Therefore, lens act as a convex lens irrespective of the side 
on which the object lies. 
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Q. 7 The phenomena involved in the reflection of radiowaves by ionosphere is 


similar to 
(a) reflection of light by a plane mirror 
(b) total internal reflection of light in air during a mirage 
(c) dispersion of light by water molecules during the formation of a rainbow 
(d) scattering of light by the particles of air 


Ans. (b) The phenomenon involved in the reflection of radiowaves by ionosphere is similar to 
total internal reflection of light in air during a mirage i.e., angle of incidence is greater 


than critical angle. 


Q. 8 The direction of ray of light incident on a concave mirror is shown by PQ 
while directions in which the ray would travel after reflection is shown 
by four rays marked 1, 2, 3 and 4 (figure). Which of the four rays 
correctly shows the direction of reflected ray? 


(d) 4 


(a) 1 
Ans. (b) The PQ ray of light passes through focus F and incident on the concave mirror, after 
reflection, should become parallel to the principal axis and shown by ray-2 in the 


figure. 


Q. 9 The optical density of turpentine is higher than that of water while its 
mass density is lower. Figure shows a layer of turpentine floating over 
water in a container. For which one of the four rays incident on 
turpentine in figure, the path shown is correct? 

(a) 1 (b) 2 (c) 3 (d) 4 


1 2 3 


K Thinking Process 
When a light ray goes from (optically) rarer medium to (optically) denser medium, then 


it bends towards the normal i.e, i»r and vice-versa. 
Ans. (b) Here, light ray goes from (optically) rarer medium air to optically denser terpentine, 
then it bends towards the normal j.e., i>r whereas when it goes from to optically 
denser medium terpentine to rarer medium water. then it bends away the normal i.e., 


i«r. 
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Q. 10A car is moving with at a constant speed of 60 km h^! on a straight road. 
Looking at the rear view mirror, the driver finds that the car 
following him is at a distance of 100 m and is approaching with a speed 
of 5 kmh !. 


In order to keep track of the car in the rear, the driver begins to glance 
alternatively at the rear and side mirror of his car after every 2 s till the 
other car overtakes. If the two cars were maintaining their speeds, 
which of the following statement (s) is/are correct? 

(a) The speed of the car in the rear is 65 kmh^' 


(b) In the side mirror, the car in the rear would appear to approach with a speed of 
5 kmh! to the driver of the leading car 


(c) In the rear view mirror, the speed of the approaching car would appear to 
decrease as the distance between the cars decreases 

(d) In the side mirror, the speed of the approaching car would appear to increase as 
the distance between the cars decreases 


K Thinking Process 


The image formed by convex mirror does not depend on the relative position of object 
w.r.t. mirror. 


Ans. (d) The speed of the image of the car would appear to increase as the distance between 
the cars decreases. 


Q. 11There are certain material developed in laboratories which have a 
negative refractive index figure. A ray incident from air (Medium 1) into 
such a medium (Medium 2) shall follow a path given by 


[ 
[ 

r 2 
[ 
[ 


2 2 


Ans. (a) The negative refractive index metamaterials are those in which incident ray from air 
(Medium 1) to them refract or bend differently to that of positive refractive index 
medium. 
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Multiple Choice Questions (More Than One Options) 


Q. 12Consider an extended object immersed in water contained in a plane 
trough. When seen from close to the edge of the trough the object looks 


distorted because 

(a) the apparent depth of the points close to the edge are nearer the surface of the 
water compared to the points away from the edge 

(b) the angle subtended by the image of the object at the eye is smaller than the 
actual angle subtended by the object in air 

(c) some of the points of the object far away from the edge may not be visible 
because of total internal reflection 

(d) water in a trough acts as a lens and magnifies the object 


K Thinking Process 
This problem is based on the phenomenon of reflection when it goes from denser to rare 
medium. 


Ans. (a, b, c) 
When immersed object is seen from close to the edge of the trough the object looks 
distorted because the apparent depth of the points close to the edge are nearer the surface 
of the water compared to the points away from the edge. 
The angle subtended by the image of the object at the eye is smaller than the actual angle 
subtended by the object in air and some of the points of the object far away from the edge 
may not be visible because of total internal reflection. 


Q. 13A rectangular block of glass ABCD has a refractive index 1.6. A pin is 
placed midway on the face AB figure. When observed from the face AD, 


the pin shall A 2 B 
(a) appear to be near A 
(b) appear to be near D 
(c) appear to be at the centre of AD 
(d) not be seen at all 
D C 


K Thinking Process 
This problem is associated with the phenomenon of total internal reflection. 


Ans. (d) Foru = 16, the critical angle = 1/ sin C, we have C = 387°, when viewed from AD, as 
long as angle of incidence on AD of the ray emanating from pin is greater than the critical 
angle , the light suffers from total internal reflection and cannot be seen through AD. 


Q. 14Between the primary and secondary rainbows, there is a dark band known 
as Alexandar's dark band. This is because 
(a) light scattered into this region interfere destructively 
(b) there is no light scattered into this region 
(c) light is absorbed in this region 
(d) angle made at the eye by the scattered rays with respect to the incident light of 
the sun lies between approximately 42? and 50? 


Ans. (a, d) 
Alexandar's dark band lies between the primary and secondary rainbows, forms due to light 
scattered into this region interfere destructively. 
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Since, primary rainbows subtends an angle nearly 41° to 42° at observer's eye, whereas, 
secondary rainbows subtends an angle nearly 51° to 54° at observer's eye w.r.t. incident 
light ray. 

So, the scattered rays with respect to the incident light of the sun lies between approximately 
42° and 50°. 


Q. 15A magnifying glass is used, as the object to be viewed can be brought 
closer to the eye than the normal near point. This results in 


(a) a larger angle to be subtended by the object at the eye and hence, viewed in 
greater detail 


(b) the formation of a virtual erect image 
(c) increase in the field of view 

(d) infinite magnification at the near point 
K Thinking Process 


The problems is about the case when an object is placed between optical centre and 
focus of the convergent (magnifying) lens. 


Ans. (a, b) 
A magnifying glass is used, as the object to be viewed can be brought closer to the eye than 
the normal near point. This results in a larger angle to be subtended by the object at the eye 
and hence, viewed in greater detail. Morever, the formation of a virtual erect and enlarged 
image, takes place. 


Q. 16 An astronomical refractive telescope has an objective of focal length 
20m and an eyepiece of focal length 2 cm. 
(a) The length of the telescope tube is 20.02 m 
(b) The magnification is 1000 
(c) The image formed is inverted 
(d) An objective of a larger aperture will increase the brightness and reduce 
chromatic aberration of the image 


K Thinking Process 


The magnifying power m is the ratio of the angle B subtended at the eye by the final 
image to the angle & which the object subtends at the lens or the eye. Hence, in normal 
adjustment 


a fh f 


In this case, the length of the telescope tube is f, + fo 
Ans. (a, b, c) 
The length of the telescope tube is f, + £ 2 20 + (002) 2 2002 m 
Also, m = 20/0.02 = 1000 
Also, the image formed is inverted . 
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Very Short Answer Type Questions 


Q. 17 Will the focal length of a lens for red light be more, same or less than 
that for blue light? 


Ans. Asthe refractive index for red is less than that for blue, parallel beams of light incident on a 
lens will be bent more towards the axis for blue light compared to red. 
In other words, u, > Hc, 
By lens maker's formula , 


Therefore, f, < f. 
Thus, the focal length for blue light will be smaller than that for red. 


Q. 18The near vision of an average person is 25 cm. To view an object with an 
angular magnification of 10, what should be the power of the 
microscope? 

Ans. The least distance of distinct vision of an average person 

(i.e., D ) is 25cm, in order to view an object with magnification 10, 
Here, v = D=25cm andu = f 
But the magnification m- v/u 2 D/f 


D 
mas- 
f 
E - D -25 »55-0025m 
m 10 
po 1 40D 
0.025 


This is the required power of lens . 


Q. 19An unsymmetrical double convex thin lens forms the image of a point 
object on its axis. Will the position of the image change if the lens is 
reversed? 

K Thinking Process 
One lens have unique focal length irrespective of its face or geometry taken for use. 


Ans. No, the reversibility of the lens maker's equation. 


Q. 20 Three immiscible liquids of densities d, > d, >d, and refractive indices 
h 
L4 > H; >H; are put in a beaker. The height of each liquid column is J: 


A dot is made at the bottom of the beaker. For near normal vision, find 
the apparent depth of the dot. 
K Thinking Process 
The image formed by first medium act as an object for second medium . 
Ans. Let the apparent depth be O, for the object seen from m,, then 
o, = #2 h 
H 3 
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Since, apparent depth = real depth /refractive index y. 
Since, the image formed by Medium 1, O, act as an object for Medium 2. 
If seen from u4, the apparent depth is O, . 
Similarly, the image formed by Medium 2 , O, act as an object for Medium 3 
O, - is (5 " o) 
H2 3 
E (2*8 jua (s +t] 
Mo (3 W43) 3(u2 by 
Seen from outside, the apparent height is 
cat (8+0,)-2 i+ t (t+) 
Us \3 WE 3 \ Hy u J| 


-ni 1 - 
+ —+ 
3 (H Mə Ha 


This is the required expression of apparent depth. 


Q. 21 For a glass prism (u = V3), the angle of minimum deviation is equal to 
the angle of the prism. Find the angle of the prism. 


Ans. The relationship between refractive index, prism angle A and angle of minimum deviation is 


given by 
sin E 
sin| — 
2 
Here, 
«<. Given, Dm =A 
Substituting the value, we have 
sin A 
u i 
sin— 
2 
_ A A 
2sin — cos— A 
On solving, we have = 2 2 —2 cos 
A 2 
sin— 
2 
A A 
: 2sin— cos — 
sinA 2 -2 
COS 
. A 
sin— sin— 
2 
For the given value of refractive index, 
we have 
cos. - v3 
2 2 
or A = 30° 
2 
A = 60° 
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Q. 22A short object of length L is placed along the principal axis of a concave 
mirror away from focus. The object distance is u. If the mirror has a focal 
length f, what will be the length of the image? You may take 
L<<|v- fl. 

K Thinking Process 


The length of image is the separation between the images formed by mirror of the 
extremities of object. 


Ans. Since, the object distance is u. Let us consider the two ends of the object be at distance 
u, =u - L/2 andu, =u + L/2, respectively so that |u, -u,| = L. Let the image of the two 


ends be formed at v, and v,, respectively so that the image length would be 


L’=|v, - vo] as (1) 
Applying mirror formula, we have 
1... 4..1 fu 
+—=-O1rve= 
u v f u -f 


On solving, the positions of two images are given by 
_ fu-L/2) TAR fu + L/2) 


u-f-L/2' ê u-f+L/2 
For length, substituting the value in (i), we have 


1 


PL 
(u - ff xl? /4 
Since, the object is short and kept away from focus, we have 
L /4<< u - ff 
f? 
u-t? 
This is the required expression of length of image. 


L’=|v, - vj = 


Hence, finally = 


Q. 23A circular disc of radius R is placed co-axially and horizontally inside an 
opaque hemispherical bowl of radius a figure. The far edge of the disc is 
just visible when viewed from the edge of the bowl. The bowl is filled 
with transparent liquid of refractive index u and the near edge of the 
disc becomes just visible. How far below the top of the bowl is the disc 
placed? 


K Thinking Process 
This problem involves the wide application of geometry and Snell's law. 


Ans. Refering to the figure, AM is the direction of incidence ray before liquid is filled. After liquid 
is filled in , BM is the direction of the incident ray. Refracted ray in both cases is same as 
that along AM. 
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Let the disc is separated by O at a distance d as shown in figure. Also, considering angle 


N = 90°, OM=a,CB=NB=a-—R,AN=a+R 
Here, in figure 


; a-R 
sint = 
d? + (a -RF 
and sin a = cos(90- o) = are 


d? + (a+ RÝ 
But on applying Snell’s law, 


u sinr singa 
On substituting the values, we have the separation 
dz. M@-b°) 
(at rY -u(a-ry? 


This is the required expression. 


Q. 24 A thin convex lens of focal length 25 cm is cut into two pieces 0.5cm 
above the principal axis. The top part is placed at (0,0) and an object 
placed at (- 50 cm, 0). Find the coordinates of the image. 

K Thinking Process 
There is no effect on the focal length of the lens if it is cut as given in the question. 


Ans. If there was no cut, then the object would have been at a height of 0.5 cm from the 
principal axis OO'. 


Applying lens formula , we have 


| 
3 < </3c/a= 


«I| 


[el 
Oo 
3 


|*« nr E < a So 
— 
l 
o 
O 
M 
ol 
oa 
[e] 


Mangnification is 


NELLO E 
50 
Thus, the image would have been formed at 50 cm from the pole and 0.5 cm below the 


principal axis. Hence, with respect to the X-axis passing through the edge of the cut lens, the 
coordinates of the image are (50 cm, -1 cm). 
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Q. 25 In many experimental set-ups, the source and screen are fixed at a 
distance say D and the lens is movable. Show that there are two 
positions for the lens for which an image is formed on the screen. Find 
the distance between these points and the ratio of the image sizes for 
these two points. 

K Thinking Process 


This is also one of the methods for finding the focal length of the lens in laboratory and 
known as displacement method. 


Ans. Principal of reversibility is states that the position of object and image are interchangeable. 
So, by the versibility of u and v, as seen from the formula for lens. 
1.1 1 
fv u 
It is clear that there are two positions for which there shall be an image. 
On the screen, let the first position be when the lens is at O. Finding u and v and substituting 
in lens formula. 


Given, -u+v=D 
> u= -(D-v) 
Placing it in the lens formula 
W dell 
D-v v f 
On solving, we have 
v-D-v 1 
=> SS 
(D-vv f 
= 0 
D 
=> = 
2 


Hence, finding u 


NE, 
When, the object distance is >t 2 5 Di 
2.4 
the image forms at Lm p Dr 
2 2 
Similarly, when the object distance is 
D. 4D* - 4Df 
2 2 
E. 
The image forms at s+ B 5 Di 


The distance between the poles for these two object distance is 


CE 2. 
D , yD? - 4Df E JD 2). TET 


2 2 2 2 
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Let d = JD? - 4Df 
Ifu = 2 + d then the image is at v = E E d 
2 2 2 2 
The magnification m, = Be 
D+d 
lua =" thenv= P+O 
2 2 
-. The magnification m, = D+d 
D-d 
D 2 
Thus, m, |D«d 
m, D-d 


This is the required expression of magnification. 
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Q. 26 A jar of height h is filled with a transparent liquid of refractive index yu 
figure. At the centre of the jar on the bottom surface is a dot. Find the 
minimum diameter of a disc, such that when placed on the top surface 


symmetrically about the centre, the dot is invisible. 


K Thinking Process 


The problem is based on the principle of total internal reflection and area of visibility. 


Ans. Letd be the diameter of the disc. The spot shall be invisible if the incident rays from the dot 


at O to the surface atd /2 at the critical angle. 
Let ij be the angle of incidence. 


Using relationship between refractive index and critical angle, 


then, sint = 1 

u 
Using geometry and trigonometry. 
Now, ace tan i 

h 
=> 2 -htani- hl u 
dz 2h 
u? 


This is the required expression of d. 
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Q. 27A myopic adult has a far point at 0.1 m. His power of accomodation is 
4 D. 


(i) What power lenses are required to see distant objects? 
(ii) What is his near point without glasses? 


(iii) What is his near point with glasses? (Take the image distance from the 
lens of the eye to the retina to be 2 cm.) 


K Thinking Process 


If two thin lenses of focal length f,and f, are in contact, the effective focal length of the 
combination is given by, 
1 


—— a 
f h b 
in terms of power P=P,+P, 
Ans. (i) Let the power at the far point be P. for the normal relaxed eye of an average person. The 


required power 
SML $ E 60D 
f 01 002 
By the corrective lens the object distance at the far point is ee. 


The power required is 


F; 


So for eye + lens system, 
we have the sum of the eye and that of the glasses F, 
: Pr=Pe +P, 
EE FE, =-10D 
(ii) His power of accomodatlon is 4 D for the normal eye. Let the power of the normal eye 
for near vision be P}. 


Then, 4=P, -R or P, = 64D 
Let his near point be x, then 
1 + L = 640r : + 50-264 
x, 002 X 
"end 
Xn 
x,--L:007m 
14 
(iii) With glasses P; = P’ + 4= 54 
54= L+ l et gen 
x, 002 x, 
1 ET 
Xn 
ps] 
x, =-=0.25m 
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Q. 28 Show that for a material with refractive index u > 4/2, light incident at 
any angle shall be guided along a length perpendicular to the incident 
face. 

Ans. Any ray entering at an angle i shall be guided along AC if the angle ray makes with the face 


AC (6) is greater than the critical angle as per the principle of total internal reflection 
$ 4 r = 905, therefore sin $ = cos r 


> sino> | 
u 
> cosr> 1 
u 
or 1-cos?rs1- 
u ; 
, , 1 i 
ie., sin? r< = 
u 
ie., siret- 
u 
since, sini =u sinr 
Ee s1- or sini xu? - 1 
Ho u 
when jat 
2 


Then, we have smallest angle ọ. 
If that is greater than the critical angle, then all other angles of incidence shall be more than 
the critical angle. 


Thus, 1<p? -1 
or ue>2 
=> u> 2 


This is the required result. 


Q. 29The mixture a pure liquid and a solution in a long vertical column 
(i.e., horizontal dimensions << vertical dimensions) produces diffusion 
of solute particles and hence a refractive index gradient along the 
vertical dimension. A ray of light entering the column at right angles to 
the vertical is deviated from its original path. Find the deviation in 
travelling a horizontal distance d << h, the height of the column. 

Ans. Let us consider a portion of a ray between x and x + dx inside the liquid. Let the angle of 


incidence at x be 0 and let it enter the thin column at height y. Because of the bending it 
shall emerge at x + dx with an angle 0 + d0 and at a height y + dy. From Snell's law, 


0 
YR ri has dy 
0 + d0 
(y * dy) 
o 
dx 


u(y) sin 0 = u(y + dy) sin (0 + d0) 
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or u(y) sin 0; [x y)+ 2 vj (sin0 cosa + cos sind) 
y 
Or u(y) sin 0 + Ey) cos 020 + E oy sind 
y 
Or u( y)cos0a0 ; mii dysin 0 
dy 
do; Z% ay tano 
u dy 
But tan8 = p (from the figure) 
dy 
On solving, we have 
do = ziou dx 
u dy 


Solving this variable n form of differential T 
>TM due Eg 
way °° u dy 


Q. 30 If light passes near a massive object, the gravitational interaction 
causes a bending of the ray. This can be thought of as happening due to 
a change in the effective refractive index of the medium given by 

nirye 1+ 2 GM / rc* 

where r is the distance of the point of consideration from the centre of 
the mass of the massive body, G is the universal gravitational constant, 
M the mass of the body and c the speed of light in vacuum. Considering a 
spherical object find the deviation of the ray from the original path as it 
grazes the object. 


Ans. Let us consider two planes atr and r + dr. Let the light be incident at an angle @ at the plane 
atr and leave r + dr at an angle 0 + dé. Then from Snell's law, 


rc ar 


n (r) sin0 = n(r + ar) sin (0 + d0) 


> n(r) sin ; (nn + Par) (sin 0cos d0 + cos 0sin de) 
r 


: [n (r) + a ar) (sin 0 + cos0 d0) 
r 
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Ignoring the product of differentials 
n(r) sin ; n(r)sin0 + = dr sine + n(r) cos6dé 
r 


or we have, z tan @ = n(r) " 
r 
tan@=(1+ a |e _ de 
rc rct Jdr dr 
9o 4. 2GM ç> tanear 
, 97 x Í. E 
Now substitution for integrals, we have 
Now, r? =x? + R^ and tane = Ê 
x 
2rdr = 2xdx 
[a= 2GM E R xdx 
0 c? J- y 3 
(x? + R?y? 
Put x=R tanp 


dx = R sec? od à 

_ 2GMR p1/2 Rsec? odo 
c? Ls R? sec? à 

/— 2GM qu? | .4GM 

2 Ios cosód$ = Ex 


8% 


This is the required proof. 


Q. 31 An infinitely long cylinder of radius R is made of an unusual exotic 
material with refractive index-1 (figure). The cylinder is placed between 
two planes whose normals are along the y-direction. The centre of the 
cylinder O lies along the y-axis. A narrow laser beam is directed along 
the y-direction from the lower plate. The laser source is at a horizontal 
distance x from the diameter in the y direction. Find the range of x such 
that light emitted from the lower plane does not reach the upper plane. 


Ans. Since, the material is of refractive index — 1, 8,, is negative and 6; positive. 
Now, [8-18 =18/1 
The total deviation of the outcoming ray from the incoming ray is 46,. Rays shall not reach 
the recieving plate if 


[angles measured clockwise from the y-axis] 
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On solving, 


y Receiving plate 


Now, 


or 


Thus, for light emitted from the source shall not reach the receiving plate. If E sxs — 


Q. 32 (i) Consider a thin lens placed between a source (5) and an observer (0) 
2 
(Figure). Let the thickness of the lens vary as w(b) = wy — L where b 


is the verticle distance from the pole, w, is a constant. Using Fermat's 
principle 7.e., the time of transit for a ray between the source and 
observer is an extremum find the condition that all paraxial rays 
starting from the source will converge at a point O on the axis. Find 
the focal length. 


P, 


arl 


Se v— 30O 


A gravitational lens may be assumed to have a varying width of the 
form 


(ii 


~~ 


k 
w(b) = k,ln 9 ba < b < Dmax 


k 
=k, In| — |b < bpi 
1 (s < min 


Show that an observer will see an image of a point object as a ring 
about the centre of the lens with an angular radius 


0-257 
B24———— 


ut+vV 
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Ans. (i) The time elapsed to travel from S to P is 


p SB ue + b* 
QS9R2M TT. 


C c 
u 1-b? A 
or —|1+——, Jassuming b << ug. 
C 2 u? 


The time required to travel from P, to O is 
PO 21d 5 
= = 1+ 


i l 
C C C 


The time required to travel through the lens is 
į (n= wb) 
qe EN 
C 


where n is the refractive index. 
Thus, the total time is 


teueveste (Se tee 1)w(b) 
[e u v 
Put LS 
D u v 
2 2 
Then, ied u+vet® aint i, 
[e 2D a 


Fermet's principle gives the time taken should be minimum. 
For that first derivative should be zero. 


dt go. b  2(n-1)b 
db CD ca 
a =2(n-1)D 


Thus, a convergent lens is formed if a 2 2(n — 1)D. This is independant of and hence, all 
paraxial rays from S will converge at O i.e., for rays 
and (b ««v.) 


Since, Tl + 1 the focal length is D. 
D u v 


(ii) In this case, differentiating expression of time taken t w.r.t. b 


2 
ral eves? +(n nkn(*2) 
2 D b 


C 
d _ gb (s g^ 
db D b 
E b? =(n-1)k,D 


b= Jn - KD 


Thus, all rays passing at a height b shall contribute to the image. The ray paths make an 


angle. 
B: b 4n-T)«D  [n-t)kuv _ [(n—Aku 
E v? [oe (Ges 


This is the required expression. 
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Wave Optics 


Multiple Choice Questions (MCQs) 


Q. 1 Consider a light beam incident from air to a glass slab at Brewster's 
angle as shown in figure. 
A polaroid is placed in the path of the emergent ray at point P and 
rotated about an axis passing through the centre and perpendicular to 
the plane of the polaroid. 


P 

(a) For a particular orientation, there shall be darkness as observed 
through the polaroid 

(b) The intensity of light as seen through the polaroid shall be 
independent of the rotation 

(c) The intensity of light as seen through the polaroid shall go through a 
minimum but not zero for two orientations of the polaroid 

(d) The intensity of light as seen through the polaroid shall go through a 
minimum for four orientations of the polaroid 

K Thinking Process 


When the light beam incident at Brewster's angle, the transmitted beam is unpolarised 
and reflected beam is polarised. 


Ans. (c) Consider the diagram the light beam incident from air to the glass slab at Brewster's 
angle (/,,). The incident ray is unpolarised and is represented by dot (.). 


The reflected light is plane polarised represented by arrows. 
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As the emergent ray is unpolarised, hence intensity cannot be zero when passes 
through polaroid. 


N Polarised 


SM 


1 
l 
1 
I 
ji 
| 
I 
17 
r 
l 
1 
| 
I 
| 


z 


Polaroid 
(P) 


Q. 2 Consider sunlight incident on a slit of width 10^ À. The image seen 
through the slit shall 

(a) be a fine sharp slit white in colour at the centre 

(b) a bright slit white at the centre diffusing to zero intensities at the edges 

(c) a bright slit white at the centre diffusing to regions of different colours 

(d) only be a diffused slit white in colour 
Ans. (a) Given, width of the slit 2 10^ À 

-10* x10 9m 210 8$ m -1um 
Wavelength of (visible) sunlight varies from 4000 À to 8000 À. 


As the width of slit is comparable to that of wavelength, hence diffraction occurs with 
maxima at centre. So, at the centre all colours appear i.e., mixing of colours form white 
patch at the centre. 


Q. 3 Consider a ray of light incident from air onto a slab of glass (refractive 
index n) of width d, at an angle 0. The phase difference between the ray 
reflected by the top surface of the glass and the bottom surface is 


1/2 1/2 
« f (1-7 sin? o) +7 to 82 hi- sin? e) 
1/2 1/2 
o f (1-7 sin o) s e) £79 (1 sin? J +20 


Ans. (a) Consider the diagram, the ray (P) is incident at an angle 0 and gets reflected in the 
direction P' and refracted in the direction P . Due to reflection from the glass medium, 
there is a phase change of m. 
Time taken to travel along OP” 

OP  d/cosr nd 


At = 
v c/n ccosr 
; sin 
From Snell's law, n = — 
sinr 
. ing 
> sinr2 
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sin? 0 


cos r 2 41 - sir? r - 1 


I— Q — >| 


wo e 
At = [ sin | 
n? 
2 2 d : 2g -1/2 
Phase difference = Ao = <™ x A; £T 72 |4- SN 
T X n? 


So, net phase difference = Ad + x 


-1/2 
zana ( s ste) +r 
À n? 


Q. 4 In a Young's double-slit experiment, the source is white light. One of the 
holes is covered by a red filter and another by a blue filter. In this case, 
(a) there shall be alternate interference patterns of red and blue 

(b) there shall be an interference pattern for red distinct from that for blue 

(c) there shall be no interference fringes 

(d) there shall be an interference pattern for red mixing with one for blue 

Ans. (c) For the interference pattern to be formed on the screen, the sources should be 
coherent and emits lights of same frequency and wavelength. 
In a Young's double-slit experiment, when one of the holes is covered by a red filter and 
another by a blue filter. In this case due to filteration only red and blue lights are 
present. In YDSE monochromatic light is used for the formation of fringes on the 
Screen. Hence, in this case there shall be no interference fringes. 


Q. 5 Figure shows a standard two slit arrangement with slits S,, S>, P,, P, are 
the two minima points on either side of P (figure). 


At P, on the screen, there is a hole and behind P, is a second 2-slit 
arrangement with slits S}, S, and a second screen behind them. 
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(a) There would be no interference pattern on the second screen but it would be 
lighted 

(b) The second screen would be totally dark 
(c) There would be a single bright point on the second screen 
(d) There would be a regular two slit pattern on the second screen 

Ans. (d) According to question, there is a hole at point P,. From Huygen's principle, wave will 
propagates from the sources S, and S,. Each point on the screen will acts as 
secondary sources of wavelets. 
Now, there is a hole at point P, (minima). The hole will act as a source of fresh light for 
the slits $4 andS,. 
Therefore, there will be a regular two slit pattern on the second screen. 


Multiple Choice Questions (More Than One Options) 


Q. 6 Two sources S} and S, of intensity I, and I, are placed in front of a 
screen [Fig. (a)]. The pattern of intensity distribution seen in the 
central portion is given by Fig. (b). 


|- 
(a) (b) 


In this case, which of the following statements are true? 
(a) S, and S, have the same intensities 
(b) 5, and S, have a constant phase difference 
(c) S, and S, have the same phase 
(d) 5, and S, have the same wavelength 
Ans. (a, b, d) 
Consider the pattern of the intensity shown in the figure 
(i) As intensities of all successive minima is zero, hence we can say that two sources S, 
and S, are having same intensities. 
(ii) As width of the successive maxima (pulses) increases in continuous manner, we can 
say that the path difference (x) or phase difference varies in continuous manner. 
(iii) We are using monochromatic light in YDSE to avoid overlapping and to have very clear 
pattern on the screen. 


eS, 


eS, 


> 
x 


Q. 7 Consider sunlight incident on a pinhole of width 10° A. The image of the 
pinhole seen on a screen shall be 

a sharp white ring 

different from a geometrical image 

a diffused central spot, white in colour 

diffused coloured region around a sharp central white spot 


a 
b 
Ç 


d 


= A m. 
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Ans. (b, d) 
Given, width of pinhole 2 10? A= 1000 A 
We know that wavelength of sunlight ranges from 4000 A to 8000 A. 
Clearly, wavelength A « width of the slit. 
Hence, light is diffracted from the hole. Due to diffraction from the slight the image formed 
on the screen will be different from the geometrical image. 


Q. 8 Consider the diffraction pattern for a small pinhole. As the size of the 
hole is increased 


(a) the size decreases (b) the intensity increases 
(c) the size increases (d) the intensity decreases 
Ans. (a, b) 


(a) When a decreases w increases. 
So, size decreases. 


(b) Now, light energy is distributed over a small area and intensity "LIN as area is 
area 


decreasing so intensity increases. 


Q. 9 For light diverging from a point source, 
(a) the wavefront is spherical 
(b) the intensity decreases in proportion to the distance squared 
(c) the wavefront is parabolic 
(d) the intensity at the wavefront does not depend on the distance 


Ans. (a, b) 
Consider the diagram in which light diverges from a point source (O). 


Due to the point source light propagates in all directions symmetrically and hence, 
wavefront will be spherical as shown in the diagram. 
If power of the source is P, then intensity of the source will be 
— Amr? 
where, r is radius of the wavefront at any time. 
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Very Short Answer Type Questions 


Q. 10s Huygen's principle valid for longitudinal sound waves? 


Ans. When we are considering a point source of sound wave. The disturbance due to the 
source propagates in spherical symmetry that is in all directions. The formation of 
wavefront is in accordance with Huygen's principle. 


So, Huygen's principle is valid for longitudinal sound waves also. 


Q. 11 Consider a point at the focal point of a convergent lens. Another 
convergent lens of short focal length is placed on the other side. What is 
the nature of the wavefronts emerging from the final image? 


Ans. Consider the ray diagram shown below 


Wavefront 
(spherical) 


L 
Lı : 


The point image J,, due to 4 is at the focal point. Now, due to the converging lense L,, let 


final image formed is I which is point image, hence the wavefront for this image will be of 
spherical symmetry. 


Q. 13Vhat is the shape of the wavefront on earth for sunlight? 


Ans. We know that the sun is at very large distance from the earth. Assuming sun as spherical, it 
can be considered as point source situated at infinity. 


Due to the large distance the radius of wavefront can be considered as large (infinity) and 
hence, wavefront is almost plane. 


O Earth 


Almost 
plane 
wavefront 
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Q. 13 Why is the diffraction of sound waves more evident in daily experience 

than that of light wave? 

Ans. As we know that the frequencies of sound waves lie between 20 Hz to 20 kHz so that their 
wavelength ranges between 15 m to 15 mm. The diffraction occur if the wavelength of 
waves is nearly equal to slit width. 

As the wavelength of light waves is 7000 x 107 '° m to 4000 x 10° '? m. The slit width is very 


near to the wavelength of sound waves as compared to light waves. Thus, the diffraction of 
sound waves is more evident in daily life than that of light waves. 


Q. 14 The human eye has an approximate angular resolution of ọ = 5.8 x 107 ^ 
rad and a typical photoprinter prints a minimum of 300 dpi (dots per 
inch, 1 inch = 2.54 cm). At what minimal distance z should a printed 
page be held so that one does not see the individual dots. 


Ans. Given, angular resolution of human eye, ó = 58 x 107^ rad. 
and printer prints 300 dots per inch. 


The linear distance between two dots is / = = cm = 0.84 x 10? cm. 


At a distance of z cm, this subtends an angle, $ = E 
Z 


l 084x10? cm 


à NE =145cm. 


z- 


Q. 15 A polaroid (I) is placed infront of a monochromatic source. Another 
polariod (II) is placed in front of this polaroid (I) and rotated till no 
light passes. A third polaroid (III) is now placed in between (I) and (II). 
In this case, will light emerge from (II). Explain. 
K Thinking Process 


Natural light e.g, from the sun is unpolariser. This means the electric vector takes all 
possible direction in the transverse plane, rapidly. 


Ans. In the diagram shown, a monochromatic light is placed infront of polaroid (I) as shown 


below. 
Monochromatic Polaroid | Polaroid II 
source 
As per the given question, monochromatic light emerging from polaroid (I) is plane 


polarised. When polaroid (Il) is placed infront of this polaroid (I), and rotated till no light 
passes through polaroid (Il), then (I) and (Il) are set in crossed positions, i.e., pass axes of | 
and Il are at 90°. 


Monochromatic ll Ju j 


source Polaroid | Polaroid IIl Polaroid II 
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Consider the above diagram where a third polaroid (IIl) is placed between polaroid (I) and 
polaroid Il. 

When a third polaroid (Ill) is placed in between (lI) and (Il), no light will emerge from (Il), if 
pass axis of (IIl) is parallel to pass axis of (I) or (Il). In all other cases, light will emerge from 
(Il), as pass axis of (Il) will no longer be at 90? to the pass axis of (III). 


Short Answer Type Questions 


Q. 16 Can reflection result in plane polarised light if the light is incident on 
the interface from the side with higher refractive index? 


Ans. When angle of incidence is equal to Brewster's angle, the Plane 
transmitted light is unpolarised and reflected light is plane polarised 
polarised. , 

Consider the diagram in which unpolarised light is 2 m 
represented by dot and plane polarised light is represented 

by arrows. u2 
Polarisation by reflection occurs when the angle of incidence 

is the Brewster's angle Unpolarised 
ie., taniş ='up = P2 where u, < u 


1 


when the light rays travels in such a medium, the critical angle is 
sini, =42 
Hy 
where, Hs < H 
As| tanig |>| sin iç |for large angles /5 < ic. 
Thus, the polarisation by reflection occurs definitely. 


Q. 17For the same objective, find the ratio of the least separation between two 
points to be distinguished by a microscope for light of 5000 A and 
electrons accelerated through 100V used as the illuminating substance. 


K Thinking Process 
: , 2 si ; "T 
Resolving power of a microscope is calculated by E with u as refractive index of the 
i. 


medium and B is the angle subtented by the objective at the object. 
Ans. We know that 


1  2sinp 122 X 
> Onin : 
d 1.22% 2 sin 
where, X is the wavelength of light and B is the angle subtended by the objective at the 
object. 
For the light of wavelength 5500 À, 
d. = 1:22 x 5500 x 10779 
2sinp 


Resolving power 


min 
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For electrons accelerated through 100 V, the de-Broglie wavelength 


12.27 _ 12.27 -9 
X L= L 2012x10?m 
JV 100 
d _ 122 x 012 x 10? 
mil | a.» 
2 sinB 


Ratio of the least separation 
‘in 012 x 10? 


min 


- 02 x10? 
Amin 5500 x 107'° 


Q. 18Consider a two slit interference arrangements (figure) such that the 
distance of the screen from the slits is half the distance between the 
slits. Obtain the value of D in terms of A such that the first minima on 
the screen falls at a distance D from the centre 0. 


Si | — Ti 
Source al 
COD MEE o 
S5 due M RN REDE DRE RPM CC E RE To 

| Screen — 


K Thinking Process 


For nth minima to be formed on the screen path difference between the rays coming 


from S,and S, must be (2n "ues 


Ans. From the given figure of two slit interference arrangements, we can write 
DLPZLO-OPZzD-«*x 


and T,P =7,0 -OP =D-x 
S,P - (Sa. + (PT)? = JD? + (D - x}? 
and S;P = (oT)? + (TP - JD? +(D + x}? 
The minima will occur when S5P — S,P =(2n — 1) Z 
Le., [D? + (D + xP? -[D? + (D - xP? = > [for first miniman = 1] 
If x =D 
we can write [D? + 4D? /? -[D? + oj/? - 
- [sp?j? - pez = * 
2 
T J5D-b- > 
À 
> D(V5 -1)=A/20r D= —= —— 
i ! 2 (v5 - 1) 
Putting 45 - 2.236 
=> 45 - 1=2.236 - 1 = 1.236 


D-. ^  -0404A 
2 (1.236) 
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Long Answer Type Questions 


Q. 19 Figure shown a two slit arrangement with a source 
which emits unpolarised light. P is a polariser with 
axis whose direction is not given. If I, is the intensity 
of the principal maxima when no polariser is present, 
calculate in the present case, the intensity of the 
principal maxima as well as of the first minima. 


K Thinking Process 
The resultant amplitude will be the sum of amplitude of either beam in perpendicular 
and parallel polarisation. 
Ans. A = Resultant amplitude 
— A parallel (A) + A perpendicular (A, ) 


> A-AQ*A 

Without P A=A, +A 
A, = A'L + A? =A? sin (kx — œt) + A9 sin (kx — wt + à) 

= A) (2) 

A= Ay + Al 


A = Aĵ I sin (kx — ot) + sin (kx — ex + )] 


where Ay, A are the amplitudes of either of the beam in perpendicular and parallel 
polarisations. 


-. Intensity = qaf +A’ [ ) [sin? (kx — œt) (1+ cos? $ + 2 sin $) + sin? (kx — wt) sin? 6] 
- qaf + [A| (2 J? (1+ cos à) 


= lacy (1+ cos 6), since, at L =| 


av 


With P 
Assume Af is blocked 


Intensity - (Ai + APP + (AL)? 
2 2 
=|Aq| (1+ cos ) + Ad 3 
2 
Given, Ip = 4 Ai = Intensity without polariser at principal maxima. 
Intensity at principal maxima with polariser 
= [acl (2 " 5 |= $^ 
2) 8 


Intensity at first minima with polariser 


z af TET 
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Screen 


AC = (0 =D, S,C = S,C = d << D 
A small transparent slab containing material of u = 1.5 is placed along 
AS, (figure). What will be the distance from O of the principal maxima 
and of the first minima on either side of the principal maxima obtained 
in the absence of the glass slab? 
K Thinking Process 
Whenever a transparent slab of refractive index u and thickness t is inserted in the path 
of the ray the fringes on the screen shifts by (u —1)t towards the slab. 
Ans. In case of transparent glass slab of refractive index u, the path difference will be calculated 
as Ax = 2d siné+ (u — 1) L. 
In case of transparent glass slab of refractive index u, 
the path difference 22d sin 0 + (u — 1) L. 
For the principal maxima, (path difference is zero) 


Hey 2d sin@ +u —1)L=0 
or sine, = a etl EES) [-L=d/4] 
2d 2d 
: =al 
or sin8y = — 
° 46 


OP = D tan@, = D sin6; E 


For the first minima, the path difference is € is 


2 
; X 
2d sin0, + 0.5L = 3 
or Sig VEO EMA SUUM 
2d 2d 
2EM32-M8., 1T. 71 
2X 4 16 
[~ The diffraction occurs if the wavelength of waves is nearly equal to the side width (d)] 
On the positive side sin0^;* = + decl em 
4 16 16 
On the negative side sin 6”, = — LEN 
4 16 16 
The first principal maxima on the positive side is at distance 
A "ES 
D tang* =p .. 9^ Sq. =p 8 3D above point O 


ji-sinte, fie? -32 V247 
The first principal minima on the negative side is at distance 
D tane", = D below point O. 


5D 
J16? -5° 7231 
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Q. 21Four identical monochromatic sources A, B, C, D as shown in the (figure) 
produce waves of the same wavelength A and are coherent. Two receiver 
R, and R, are at great but equal distances from B. 
(i) Which of the two receivers picks up the larger signal? 
(ii) Which of the two receivers picks up the larger signal when B is turned 
off? 
(iii) Which of the two receivers picks up the larger signal when D is turned 
off? 
(iv) Which of the two receivers can distinguish which of the sources B or D 
has been turned off? 


eRe 
We 3 WE 
e----9 >o 
Ri A B C 
r/2 
eD 
R,B=d=R, B 


AB = BC = BD = à /2 


K Thinking Process 
The resultant disturbance at a point will be calculated by some of disturbances due to 
individual sources. 
Ans. Consider the disturbances at the receiver R} which is at a distance d from B. 
Let the wave at R, because of A be Y, = acos wt. The path difference of the signal from A 
with that from B is 4/2 and hence, the phase difference is m. 
Thus, the wave at R, because of B is 
yg = acos (wt — x) = - acos ot. 

The path difference of the signal from C with that from A is à and hence the phase difference 


is2 m. 
Thus, the wave at R, because of C is Y, = a cos (œt — 2 7) = a cos ot 
fa 
| 
I 
i 
I 
I 
I 
l 
| 
1 
a2 | M2 
e----e 2 a 
R} A B C 
A/2 


176 NCERT Exemplar (Class XII) Solutions 


The path difference between the signal from D with that of A is 
2 1/2 
q? + (5) d -A/2)-a | 14 A d«^ 
2 Ad? 


2 
42 1/2 n n 
-d ur due (ed >> 1) 


Therefore, phase difference is m. 
Yp = acos (wt — n) = — a cos wt 
Thus, the signal picked up at R, from all the four sources is Ya, — ya + Yg + Yo * yp 
= a cost —a cos wt + a cos wf — a cos ot = 0 

(i) Let the signal picked up at R, from B be yg = a, cos at. 

The path difference between ‘signal at D and that at B is 4/2. 

Yp = — a, COS wt 
The path difference between signal at A and that at B is 


AY x y 1X 
e* «[ d=d/1+ d= 
2 Ad? 8g? 


As d >> A, therefore this path difference 0 


2 
and phase difference = as >0 
= 8d? 
Hence, ya = 8, COS (wt — Q) 
Similarly, yc = à, COS (wt — p) 


-. Signal picked up by R, is 
Ya + Yg + Yo + Yp = y - 28, cos (ot — 6) 
Iyf = 4a? cos? (wt — 6) 
<I>=2a? 


Thus, R, picks up the larger signal. 
(ii) If B is switched off, 


R, picks up y-acosot 
"LU 
(In)7 758 
R, picks up y-acosot 
2 
cogo 2 La 
(In, ) =a° « cos aida 


(iii) Thus, R} and R, pick up the same signal. 
If Dis switched off. 
R, picks up y = a cos œt 


EP 
(In, ) 228 
R, picks up y=3acosat 
(n,) = 9a* < cos P aec 
2 
Thus, R, picks up larger signal compared to R}. 
(iv) Thus, a signal at R, indicates B has been switched off and an enhanced signal at R, 
indicates D has been switched off. 
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Q. 22 The optical properties of a medium are governed by the relative 

permittivity (£,) and relative permeability (u,) . The refractive index is 
defined as ./u,€, =n. For ordinary material, €, > 0 and u, » 0 and the 
positive sign is taken for the square root. 
In 1964, a Russian scientist V. Veselago postulated the existence of 
material with €, < 0 and p, « 0. Since, then such metamaterials have 
been produced in the laboratories and their optical properties studied. 
For such materials ; 2 — Ju, £,. As light enters a medium of such 
refractive index the phases travel away from the direction of 
propagation. 

(i) According to the description above show that if rays of light enter 
such a medium from air (refractive index = 1) at an angle 0 in 2nd 
quadrant, then the refracted beam is in the 3rd quadrant. 

(ii) Prove that Snell's law holds for such a medium. 


Ans. Let us assume that the given postulate is true, then two parallel rays would proceed as 
shown in the figure below 


Air 
Medium £ 


(i) (ii) 
(i) Let AB represent the incident wavefront and DE represent the refracted wavefront. All 
points on a wavefront must be in same phase and in turn, must have the same optical 


path length. 
Thus — J& M, AE = BC = je, u, CD 
Or BC = Jeu, (CD — AE) 


BC > 0, CD > AE 


As showing that the postulate is reasonable. If however, the light proceeded in the sense 
it does for ordinary material (viz. in the fourth quadrant, Fig. 2) 


Then, - J£, AE = BC - Jeu, CD 
or BC = Je u, (CD —AE) 


If BC > 0, then CD > AE 
which is obvious from Fig (i). 
Hence, the postulate reasonable. 


However, if the light proceeded in the sense it does for ordinary material, (going from 2nd 
quadrant to 4th quadrant) as shown in Fig. (i)., then proceeding as above, 


-J£ u, AE « BC - Je, CD 
Or BC = Jep, (CD — AE) 
As AE » CD, therefore BC « Owhich is not possible. Hence, the given postulate is correct. 
(ii) From Fig. (i) 
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BC = AC sin8; 
and CD — AE = AC sin 9, 
As BC =U, €, [CD — AE = BC] 
E: AC sin6; = Jeu, AC sin8, 
sin 6; 
Or D Zug =n 
sin 0, ui 


Which proves Snell's law. 


Q. 23 To ensure almost 100% transmittivity, photographic lenses are often 
coated with a thin layer of dielectric material. The refractive index of 
this material is intermediated between that of air and glass (which 
makes the optical element of the lens). A typically used dielectric film is 
MgF, (n = 1.38). What should the thickness of the film be so that at the 
centre of the visible spectrum (5500 À) there is maximum transmission. 


Ans. In this figure, we have shown a dielectric film of thickness d deposited on a glass lens. 


T2 


Air, n = 1 


Film, n = 1.38 


Glass, n = 1.5 D 
Refractive index of film — 1.38 and refractive index of glass = 1.5. 
Given, X 2 5500À. 


Consider a ray incident at an angle i. A part of this ray is reflected from the air-film interface 
and a part refracted inside. 
This is partly reflected at the film-glass interface and a part transmitted. A part of the 
reflected ray is reflected at the film-air interface and a part transmitted as r, parallel to 4. Of 
course successive reflections and transmissions will keep on decreasing the amplitude of 
the wave. 
Hence, rays 1 and ņ shall dominate the behaviour. If incident light is to be transmitted 
through the lens, r, and r; should interfere destructively. Both the reflections at A and D are 
from lower to higher refractive index and hence, there is no phase change on reflection. The 
optical path difference between r, and r, is 
n (AD + CD) - AB 

If d is the thickness of the film, then 

AD-CDs 2 

cosr 

AB = AC sini 

Be =d tanr 

2 
e AC =2d tanr 
Hence, AB = 2d tanr sin i. 
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Thus, the optical path difference — 2nd, — 2d tanr sin i 


cos r 

sin į d sinr .. 

=2.— 2d sin 
sinrcosr cos r 


cran IST sin 2r] 
sin r cos r 


=2nd cosr 
For these waves to interfere destructively path difference = x 


> 2nd cos r = a 
2 
> nd cosr = 4 s (i) 
For photographic lenses, the sources are normally in vertical plane 
į =f = 0° 
From Eq. (i), nd cos 0° = E 
X 
=> = 
4n 
5500 A 


|| 


Dual Nature of Radiation 
and Matter 


Multiple Choice Questions (MCQs) 


Q. 1 A particle is dropped from a height H. The de-Broglie wavelength of the 
particle as a function of height is proportional to 
(a) H (b) H"? (o) H° (d) H"? 
K Thinking Process 


h 
The de-broglie wavelength À is given by À = —. 
mv 


Ans. (d) Velocity of a body falling from a height H is given by 


V — J2gH 
We know that de-broglie wavelength 
n h h h 
- = x 
mv mj2gH m42g JH 
ho. 
Here, is a constant say ‘k’. 
md 6 say 
1 1 
So, A2K———Xe— 
JH JH 
i see HV? 


Q. 2 The wavelength of a photon needed to remove a proton from a nucleus 
which is bound to the nucleus with 1 MeV energy is nearly 
(a) 1.2 nm (b) 1.2 x10? nm 
(c)1.2 x107 nm (d)1.2x10 nm 


K Thinking Process 
h À T ; 
Energy of a photon is E = z where À is the minimum wavelength of the photon required 


to eject the proton from nucleus. 
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Ans. (b) Given in the question, 
Energy of a photon, E = 1MeV = - 109 eV 


Now, hc = 1240 eVnm 
Now, E- he 
À 
5 q= PC _ 1240 eVnm 
E 10° eV 
= 1.24 x 10° nm 


Q. 3 Consider a beam of electrons (each electron with energy £,) incident on a 


metal surface kept in an evacuated chamber. Then, 
(a) no electrons will be emitted as only photons can emit electrons 
(b) electrons can be emitted but all with an energy, Eo 
(c) electrons can be emitted with any energy, with a maximum of Ey — à 
(0 is the work function) 
(d) electrons can be emitted with any energy, with a maximum of Ey 
Ans. (d) When a beam of electrons of energy E, is incident on a metal surface kept in an 
evacuated chamber electrons can be emitted with maximum energy E, (due to elastic 
collision) and with any energy less than E,, when part of incident energy of electron is 
used in liberating the electrons from the surface of metal. 


Q. 4 Consider figure given below. Suppose the voltage applied to A is 
increased. The diffracted beam will have the maximum at a value of 0 that 
(a) will be larger than the earlier value (b) will be the same as the earlier value 
(c) will be less than the earlier value (d) will depend on the target 


Nickel 
Electron beam target 
> 


~<— Electron ——~> £ 
LT gun 
Diffracted 
Vacuum 
electron 
Movable beam re chamber 
collector 


To galvanometer 


K Thinking Process 
The figure given here shows the Davisson-Germer experiment which was held to verify 
the wave nature of electrons. 
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Ans. (c) In Davisson-Germer experiment, the de-Broglie wavelength associated with electron is 


_ 12.27 i 
r i ...(i) 


where V is the applied voltage. 
If there is a maxima of the diffracted electrons at an angle 6, then 
2dsin0 = À (il) 
From Eq. (i), we note that if V is inversely proportional to the wavelength A. 
i.e., V will increase with the decrease in the A. 
From Eq. (ii), we note that wavelength A is directly proportional to sin@ and hence 8. 
So, with the decrease in A, 0 will also decrease. 


Thus, when the voltage applied to A is increased. The diffracted beam will have the 
maximum at a value of 0 that will be less than the earlier value. 


Q. 5 A proton, a neutron, an electron and an o-particle have same energy. 
Then, their de-Broglie wavelengths compare as 
(a) Ap =An > Me >a (DA, < Àp =An > Ae 
(0X, < Ap = An > Aa (d) A, = A, = An = Aa 
K Thinking Process 
The energy of any particle can be given by K= Zm? 


> mv =42mk (i) 
Also, de-Broglie wavelength is given by 
h 
à =— (li) 
mv 


Now, relation between energy and wavelength of any particle is given by putting the 
value of Eq. (i) in Eq. (ii) 
h 


À-——— 
2mk 


Ans. (b) We know that the relation between A and K is given by 
h 


2mk 


, h 
Here, for the given value of energy K, —— is a constant. 
i 9^ Bk 


1 
Thus, À e — 

vm 

Ao An te tha 
d c d ecd 

=> = : I : 

Jm. Jm Jm m. 
Since, m, = Mp, hence Àp =A, 
AS, my, > Mp, therefore Ag < A, 
As, m, < m, therefore A, > Àp 


Hence, ha < ky = An € M, 
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Q. 6 An electron is moving with an initial velocity v= Voi and is in a magnetic 
field B= B,j. Then, it's de-Broglie wavelength 


(a) remains constant 

(b) increases with time 

(c) decreases with time 

(d) increases and decreases periodically 
Ans. (a) Given, v- vi SB - Bj 


Force on moving electron due to magnetic field is, F2 —e(v x B) 

= -e[vgd x Boj] = =—eVv Bk 
As this force is perpendicular to v and B, so the magnitude of v will not change, i.e., 
momentum (2 mv) will remain constant in magnitude. Hence, 


de-Broglie wavelength X = EU remains constant. 
mv 


Q. 7 An electron (mass m) with an initial velocity v =v,i(v, > 0) is in an 
electric field E = — E,i (Ey = constant > 0). It's de-Broglie wavelength at 
time t is given by 


@—o (b) ro + m 
1 + e£, t MVo 
m Vo 
(c) Ao (d) Agt 


K Thinking Process 
de - Broglie wavelength is given by À = zh 
mv 


Ans. (a) Initial de-Broglie wavelength of electron, 


h l 
Ay = —— ...(i) 
mVg 


Force on electron in electric field, 
F = -eE = -e[-£,i] = eFji 


Acceleration of electron a= 


Velocity of electron after timet, 


V=Voi + Es } = c * eji 
m m 


- Vg [is eEo ji 
MVo 


de - Broglie wavelength associated with electron at timet is 


mv 


h a [ h | 
= _ = 0 V epee 
es] em] 00 
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Q. 8 An electron (mass m) with an initial velocity V=Voi is in an electric field 
E = Ej. If ào =h / mvo, it's de-Broglie wavelength at time t is given by 


2p 2 
(a) Ag (b) Ag. [14 ES 


À À 
(QM MEI (d) ÁN 
ie 550 í +£ t ) 
m've mó 
Ans. (c) Initial de - Broglie wavelength of electron, 
Ay = ZH 
MN 
Force on electron in electric field, 
F = -eE = -ej 
Acceleration of electron, a= E = eEoj 
m m 


It is acting along negative y-axis. 
The initial velocity of electron along x-axis, v, = Voll Initial velocity of electron along 
y-axis, Vy, 70 . 

Velocity of electron after timet along x-axis, v, = voi 


(. there is no electron along x-axis.) 
Velocity of electron after timet along y-axis, 


Vy =04 0) t= eEo f 
m m 


Magnitude of velocity of electron after timet is 


2 
v= v +v = vi + (=) 
\ m 


2r2,2 
> =Vo{1+ ett 
meve 
de-Broglie wavelength, vel 
mv 
h 
=> = 
mvo1 4 e°ESt? | (m* v8) 
z Ao 


{1+ e7E6t? | mvi 
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Multiple Choice Questions (More Than One Options) 


Q. 9 Relativistic corrections become necessary when the expression for the 
Tm 1 : , 
kinetic energy m^ becomes comparable with mc?, where m is the mass 


of the particle. At what de-Broglie wavelength, will relativistic corrections 
become important for an electron? 

(a) À 210 nm (b) 4 210^! nm 

(c) à 210^ nm (d) à 2107 nm 

K Thinking Process 


The de-Broglie wavelength at which relativistic corrections become important must be 
greater than speed of light i.e, 3 x10? m/s. 


Ans. (c, d) 
de-Broglie wavelength 
n h h 
=— 5 ya 
mv mÀ 
Here, h=66x10 Js 
and for electron, m 2 9 x 10?! kg 
Now consider each option one by one 
(8) à, =10nm 210 x 10? m 2 10? m 
_ 66x10? 
zd Yee. (arth ane 
(9x 10°") x 10 
= =Z 10° = 10° mis 


(b) A> 210! nm =10" x10? m2 10? m 
6.6 x 10-4 


€ per 7 
D “2 = (gx 10) x 1070 s 
(c) àg 10 * nm =10* x10? me10 m 
E 66 x10? _ 4010 
> Vs TRECE 10^ m/s 
(d) A, 2108 nm2 10$ x 10? m2 10 5 m 
|| 66x10? 12 
> u= gxi xe O ms 


Thus, options (c) and (d) are correct as v} and v, is greater than 3 x 108 m/s. 


Q. 10 Two particles A, and A, of masses m,, m, (m, » m,) have the same 


de-Broglie wavelength. Then, 
(a) their momenta are the same 
(b) their energies are the same 
(c) energy of A, is less than the energy of A, 
(d) energy of A, is more than the energy of A, 
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Ans. (a, c) 
de-Broglie wavelength X = E: 
mv 
where, mv = p (moment) 
h h 
— L=- > p=— 
p À 
Here, his a constant. 
So, pec 1 => A = Ao 
X Po X 
But (Ay 2 X,)2X 
Then, Bro. meg 
Po À 
Thus, their momenta is same. 
2 
Also, gogo AO 
2 m 
zdHFv 1p7 
2 m 2m 
Here, p is constant E« uj 
m 
E 2—2«12 E«E, 
E, m 


Q. 11 The de-Broglie wavelength of a photon is twice, the de-Broglie 
wavelength of an electron. The speed of the electron is v,— m Then, 


(a) = 2107^ (b) = 2107 
Ep Ep 
(© Pe 2102 (d) De 210 
M,C M,C 
Ans. (b, c) 
Suppose, Mass of electron = m, , Mass of photon = Mp, 
Velocity of electron = v, and Velocity of photon = v, 
Thus, for electron, de-Broglie wavelength 
h 
Ne = 
Me Ve 
B h 100 h (given) (i) 
m,(c/100 me 
Kinetic energy, E, - im v? 
> MVe =2E,M, 
h h 
50, de = = 
IT, Ve 2m, E, 
2 
5 EH. NO 
202m, 
For photon of wavelength À,,, energy 
hc _ hc 
pe E [Ap 22A] 


D e 
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E, hc . 202m, 


LU =X 
E, 2X he 
_ emc _ 100h x ME _ 199 
h M,C h 
So, fe 1 -10 
E, 100 
For electron, D, mv, =M, xc/100 
So, Pe 1 2492 
mc 100 


Q. 12 Photons absorbed in matter are converted to heat. A source emitting n 
photon/sec of frequency v is used to convert 1 kg of ice at 0°C to water 
at 0°C. Then, the time T taken for the conversion 

(a) decreases with increasing n, with v fixed 
(b) decreases with n fixed, v increasing 
(c) remains constant with n and v changing such that nv = constant 
(d) increases when the product nv increases 
Ans. (a, b, c) 
Energy spent to convert ice into water 
=mass x latent heat 
-mL - (1000 g) x(80 cal/g) 


— 80000 cal 
Energy of photons used = nT x E2 nT x hv [-E = hv] 
So, nThv 2 mL = T = PE 
nhv 


T e E , when vis constant. 
n 


T œ 1 , when nis fixed. 
v 


> D. 
nv 


Thus, T is constant, if nv is constant. 


Q. 13 A particle moves in a closed orbit around the origin, due to a force which 
is directed towards the origin. The de-Broglie wavelength of the particle 
varies cyclically between two values X4, A, with A, > A,. Which of the 
following statement are true? 

(a) The particle could be moving in a circular orbit with origin as centre 
(b) The particle could be moving in an elliptic orbit with origin as its focus 


(c) When the de-Broglie wavelength is 4,, the particle is nearer the origin than 
when its value is A; 


(d) When the de-Broglie wavelength is X,, the particle is nearer the origin than 
when its value is A, 
Ans. (b, d) 
The de-Broglie wavelength of the particle can be varying cyclically between two values A, 
and A>, if particle is moving in an elliptical orbit with origin as its one focus. 
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Consider the figure given below 


Let v4, v; be the speed of particle at A and B respectively and origin is at focus O. If A,, A» 
are the de-Broglie wavelengths associated with particle while moving at A and B 
respectively. Then, 


h 
44 =— 
mv 
h 
and à, = —— 
mv» 
Du E 
às Vy 
since A, > Ao 
2 V > VW 
By law of conservation of angular momentum, the particle moves faster when it is closer to 


focus. 
From figure, we note that origin O is closed to P than A. 


Very Short Answer Type Questions 


Q. 14 A proton and an &-particle are accelerated, using the same potential 
difference. How are the de-Broglie wavelengths A, and À related to 
each other? 

K Thinking Process 


Here, since both proton and a-particle use the same potential difference, thus they are 
taken as constant. 


h 
Ans. ^s, = 
J2mqv 
recl 
mq 


Ap = 8X, 


i.e., wavelength of proton is 4/8 times wavelength of o-particle. 
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Q. 15 (i) In the explanation of photoeletric effect, we assume one photon of 
frequency v collides with an electron and transfers its energy. This 
leads to the equation for the maximum energy Emax of the emitted 
electron as 


max 


E nax =N 0o 
where 0, is the work function of the metal. If an electron absorbs 2 


photons (each of frequency v), what will be the maximum energy for 
the emitted electron? 


(ii) Why is this fact (two photon absorption) not taken into consideration 
in our discussion of the stopping potential? 
Ans. (i) Here it is given that, an electron absorbs 2 photons each of frequency v then v’ = 2v 
where, v’ is the frequency of emitted electron. 
Given, Emax = hv — Oo 
Now, maximum energy for emitted electrons is 
Emax -hQv)- ày -22hv- bo 


(ii) The probability of absorbing 2 photons by the same electron is very low. Hence, such 
emission will be negligible. 


Q. 16 There are materials which absorb photons of shorter wavelength and emit 
photons of longer wavelength. Can there be stable substances which 
absorb photons of larger wavelength and emit light of shorter wavelength. 

Ans. According to first statement, when the materials which absorb photons of shorter 


wavelength has the energy of the incident photon on the material is high and the energy of 
emitted photon is low when it has a longer wavelength. 


But in second statement, the energy of the incident photon is low for the substances which 
has to absorb photons of larger wavelength and energy of emitted photon is high to emit 
light of shorter wavelength. This means in this statement material has to supply the energy 
for the emission of photons. 


But this is not possible for a stable substances. 


Q. 17 Do all the electrons that absorb a photon come out as photoelectrons? 
Ans. In photoelectric effect, we can observe that most electrons get scattered into the metal by 
absorbing a photon. 


Thus, all the electrons that absorb a photon doesn't come out as photoelectron. Only a few 
come out of metal whose energy becomes greater than the work function of metal. 


Q. 18 There are two sources of light, each emitting with a power of 100 W. One 
emits X-rays of wavelength 1 nm and the other visible light at 500 nm. 
Find the ratio of number of photons of X-rays to the photons of visible 
light of the given wavelength? 
Ans. Suppose wavelength of X-rays is 4, and the wavelength of visible light is A,. 
Given, P=100W 
A, =1nm 
and A = 500nm 
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Also, n, and n, represents number of photons of X-rays and visible light emitted from the 
two sources per sec. 


S0, E png He Ba e 
t A, ho 
- m n 
1 Ae 
5 MoA 
N, Ay 500 


Short Answer Type Questions 


Q. 19 Consider figure for photoemission. How would you reconcile with 
momentum-conservation? Note light (photons) have momentum in a 
different direction than the emitted electrons. 


electron 


Pd 


Ans. During photoelectric emission, the momentum of incident photon is transferred to the 
metal. At microscopic level, atoms of a metal absorb the photon and its momentum is 
transferred mainly to the nucleus and electrons. 


The excited electron is emitted. Therefore, the conservation of momentum is to be 
considered as the momentum of incident photon transferred to the nucleus and electrons. 


| 


metal 


Q. 20 Consider a metal exposed to light of wavelength 600 nm. The maximum 
energy of the electron doubles when light of wavelength 400 nm is used. 
Find the work function in eV. 


K Thinking Process 
Maximum energy =hv — $ 


Ans. Given, 
For the first condition, 
Wavelength of light A = 600 nm 
and for the second condition, 
Wavelength of light A^ = 400 nm 
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Also, maximum kinetic energy for the second condition is equal to the twice of the kinetic 
energy in first condition. 


Le., Kinm 2K ax 
hc 
Here, Kee = P* -0 
hc 
> 2Kmax = ET -= o 
> 2 & e - b e [- hc —«1240eVnm] 
600 400 
5 p= 1230 -102 eV 
1200 


Q. 21 Assuming an electron is confined to a 1nm wide region, find the 
uncertainty in momentum using Heisenberg uncertainty principle 
(Ax x Ap = h). You can assume the uncertainty in position Ax as 1 nm. 
Assuming p « Ap, find the energy of the electron in electronvolts. 
Ans. Here, Ax 2 inm 2 10? m, Ap =? 
As Ax Ap = h 


6.62 x 107^ Js 
2x(2/7)(0?)m 
-105x10 7? kg m/s 
2 2 
Energy, E-P = (Ap) 


2m 2m 
(105 x 10)? 
2x 91x 107! 
(105 x 10775? 
2 x 91x10?! x 16 x 10719 


- 38 x 10? ev. 


Q. 22 Two monochromatic beams A and B of equal intensity I, hit a screen. The 
number of photons hitting the screen by beam A is twice that by beam B. 
Then, what inference can you make about their frequencies? 


Ans. Suppose n, is the number of photons falling per second of beam A and ng is the number 
of photons falling per second of beam B. 


Thus, n, =2Ng 
Energy of falling photon of beam A - hv, 
Energy of falling photon of beam B = hyg 
Now, according to question, 


intensity of A =intensity of B 
njhv4 = nghvg 


=> A= BÉ 8B =_ 


=> Vg =2V, 
Thus, from this relation we can infer that frequency of beam Bis twice of beam A. 
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Q. 23 Two particles A and B of de-Broglie wavelengths à} and X, combine to 


form a particle C. The process conserves momentum. Find the de-Broglie 
wavelength of the particle C. (The motion is one-dimensional) 
Ans. Given from conservation of momentum, 


[Pcl =|P,l + [Pal 
h h h [a h h _h] 
> a Le Rmo pe 
Àc Àa Àp | mv p X| 
z h _hàg+ hry 
Ae Ande 
zu Ac _ Mg Ao = Ande 
h hay + hàg Ag + Ag 
Case | Suppose both p, and pg are positive, 
then Ae = Mg 
Ay t+ Ag 
Case II When both p, and pg are negative, 
then Ao = hale 
Ag + Ag 
Case Ill When p, > 0, pg < Oi.e., p, is positive and pg is negative, 
h h _ (Ag - X4A)h 
Ae Aa Àp dade 
> Ào = hake 
Ap — ha 
Case IV p, < 0, Pg > 0, i.e., p, is negative and pg is positive, 
h - h 
Ac 7 Aa Ae 
= (Aq — Ag)h Gee XA 
Vig Aa = he 


Q. 24 A neutron beam of energy E scatters from atoms on a surface with a 
spacing d = 0.1 nm. The first maximum of intensity in the reflected 
beam occurs at 0 = 30°. What is the kinetic energy E of the beam in eV? 

Ans. Given, d = 01nm, 

8-30 >n=1 
Now, according to Bragg's law 
2dsin0 = nà => 2 x 01xsin30 = 1X 


=> X -201nm = =10°'°m 
Now, 2” -P 
mv p 
h 662x10? 
— p=— = 
A 10:79 
=> = 662 x 10°“ kg-m/s 
22 2 
Now, kge lg Tp 
2 2 m 2m 


_1, (662 x 10 ?^y 
2 167x107? 
=0.21eV 
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Long Answer Type Questions 


Q. 25 Consider a thin target (10 ^ m square, 10 ? m thickness) of sodium, 
which produces a photocurrent of 100 uA when a light of intensity 100 
W/m? (À = 660 nm) falls on it. Find the probability that a photoelectron 
is produced when a photon strikes a sodium atom. 
[Take density of Na = 0.97 kg/m?] 


K Thinking Process 


Absorption of two photons by an atom depends on the probability of photoemission by 
a single photon on a single atom. 


Ans. Given, A 210? m? 210? x10? m? 
=> =104m? 
d -10?m 
i 2100 x 109A 2 10 7A 
Intensity, I 2 100 W/m? 
=> À = 660 nm = 660 x 10? m 


fu = 0.97 kg/m? 
Avogadro's number = 6 x 10° kg atom 
Volume of sodium target = A x d 
240 * x10? 
> zd m? 
We know that 6 x 10°° atoms of Na weights = 23 kg 


So, volume of 6 x 10° Na atoms = 23 m$. 


0.97 
23 


Volume occupied by one Na atom = = 395 x 10 79 m? 
0.97 x (6 x 1075) 


Number of Na atoms in target (Na) 

2307 

~ 895x109 
Let n be the number of photons falling per second on the target. 
Energy of each photon = hc / X 


= 2.53 x 107 


nhc 


Total energy falling per second on target = Ex - lA 
IAX 
n= adidas 
hc 


_ 100 x 10^ x (660 x 10?) 
(662 x 109) x (3 x 109) 
Let P be the probability of emission per atom per photon. 
The number of photoelectrons emitted per second 
N-Pxnx("Na) 
= P x (83 x 10'°) x (2.53 x 108) 


=> = 33 x 106 


Now, according to question, 
i 2100 pA =100x 10 210^ A. 
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Current, i = Ne 
: 10 = P x (33 x 109) x (2.53 x 10/8) x (16 x 10779) 
10^ 
> P= 
(83 x 1018) x (2.53 x 1019) x (16 x 10779) 
=7.48 x10” 


Thus, the probability of emission by a single photon on a single atom is very much less than 
1. It is due to this reason, the absorption of two photons by an atom is negligible. 


Q. 26 Consider an electron in front of metallic surface at a distance d (treated 
as an infinite plane surface). Assume the force of attraction by the plate 

q? 
ATE od 
distance from the plate. Taking d =0.1 nm, find the work done in 
electron volts. [Such a force law is not valid ford < 0.1 nm] 


. Calculate work in taking the charge to an infinite 


TN 1 
is given as 7 ; 


K Thinking Process 
1 ded 
Work done by an external agency =+ ——.—| —dx 
2 TIME 4me, 440 X 
Ans. According to question, consider the figure given below 
From figure, d = 0.1nm=107'? m, 


NEC 


Ax 4ngd* 


d=0.1 nm 


Let the electron be at distance x from metallic surface. Then, force of attraction on it is 
2 
paT oo 
4 X 4n1£oX 


Work done by external agency in taking the electron from distance d to infinity is 


W=["Fedx= [7 a 

d ^ d 4x ATEJ x? 
q^ [1] 

4x 4ne, d | 

_ (16x 10719)? x9x10* | 

4x 1070 

_ (16x 10719)? x (9 x 109) 

(4 x 10719) x (16 x 10719) 


eV = 36eV 
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Q. 27 A student performs an experiment on photoelectric effect, using two 
materials A and B. A plot of V. versus v is given in figure. 


Vstop 
"M A 
(V) 
3 
2.5 


5x104 10 x 10'^ 15 x 10^ 
Frequency (Hz) 


(i) Which material A or B has a higher work function? 
(ii) Given the electric charge of an electron = 16 x 10 ?? C, find the value 
of h obtained from the experiment for both A and B. 
Comment on whether it is consistent with Einstein's theory. 
Ans. (i) Given, thresholed frequency of Ais given by vg, = 5 x 10 Hz and 


For B, Vog = 10% 10^ Hz 
We know that 
Work function, $ — hvg Or Po = Vo 
> Do = Vo 
So, don _ 5x 10^ 
dos | 10x10" 
= Poa < 00g 
Thus, work function of B is higher than A. 
(ii) For metal A, slope = B - -— 
(10 — 510 
-19 
e pa 20 _2x16x10 
5x10 5 x 104 
= 64 x 10 Js 


For metal B, slope = £ = Taa 
e (15-1010 


| 25xe 25x16x10 
5 x 104 5x 10^ 
=8x10 Js 


Since, the value of h from experiment for metals A and Bis different. Hence, experiment is 
not consistent with theory. 


Or h 
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Q. 28 A particle A with a mass m, is moving with a velocity v and hits a particle 
p A . . g . . y . 
B (mass mg) at rest (one dimensional motion). Find the change in the 
de-Broglie wavelength of the particle A. Treat the collision as elastic. 
Ans. As collision is elastic, hence laws of conservation of momentum and kinetic energy are 
obeyed. 
According to law of conservation of momentum, 
MV + MgO = m,v, + MgVo 


m ma (V — v) = mgvs 
According to law of conservation of kinetic energy, 
1 m,v? - Lm,v? + 1m v? ...(i) 
A "ELLE 
> m, (v — v£) 2 mv} 
> ma (V = v4)(v + v4) = mgv;? (ii) 
Dividing Eq. (ii) by Eq. (i), 
we get, VW =V, OF V-V5o-WV, ...(iii) 


Solving Eqs. (i) and (iii), we get 


ee E Vaid c v— j 


m, + Mg m, + Mg 
coh 
initial ~ mv 
T h _ Alm, + mg) 
MV,  ma(ma -Mg W 
AX = Afinal = Minitial = 5 | ms as | 


mav Lm = Mg ! 


Q. 29 Consider a 20 W bulb emitting light of wavelength 5000 A and shining on 
a metal surface kept at a distance 2 m. Assume that the metal surface 
has work function of 2 eV and that each atom on the metal surface can 
be treated as a circular disk of radius 1.5 A. 

(i) Estimate number of photons emitted by the bulb per second. 
[Assume no other losses] 

(ii) Will there be photoelectric emission? 

(iii) How much time would be required by the atomic disk to receive energy 
equal to work function (2 eV)? 

(iv) How many photons would atomic disk receive within time duration 
calculated in (iii) above? 

(v) Can you explain how photoelectric effect was observed instantaneously? 


Ans. Given, P 2 20W, X = 5000 Å = 5000 x 10? m 
d-2m,ój22eV,r215A-15x10 9 m 


(i) Number of photon emitted by bulb per second is n’ = 


20 x (5000 x 10719) 
(6.62 x 10794) x (3 x 109) 


E -25x10?s7 
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hc _ (662 x107) (3 x 109) 
X 5000x107? x 16x 10°" 
=2.48eV 


As this energy is greater than 2 eV (/.e., work function of metal surface), hence 
photoelectric emission takes place. 


(ii) Energy of the incident photon 


d 


p 


(iii) Let At be the time spent in getting the energy = (work function of metal). 
Consider the figure, 


2 
x m°At = 6 
4rd? 5 
2 
> At = AOT 
Pr? 
=19 2 
|. 4x(2x16x10 7)x2 - 2845 
20 x (15x 1079? 
(iv) Number of photons received by atomic disc in time At is 
N-S At 
4nd 
n'r^ Nt 
=> = 
Ad? 
_ (5x 10'9) x (1.5 x 10710)? x 284 5 
4 x (2)° 


(v) As time of emission of electrons is 11.04 s. 
Hence, the photoelectric emission is not instantaneous in this problem. 


In photoelectric emission, there is an collision between incident photon and free electron 
of the metal surface, which lasts for very very short interval of time (= 10? S), hence we 
say photoelectric emission is instantaneous. 


12 


Atoms 


Multiple Choice Questions (MCQs) 


Q.1 Taking the Bohr radius as ay = 53 pm, the radius of Li™ ion in its ground 
state, on the basis of Bohr's model, will be about 
(a) 53 pm (b) 27 pm 
(c) 18 pm (d) 13 pm 
K Thinking Process 
Since, the radii of the orbits increase inversely as atomic number Z i.e, 
1 


iso 


Z 


Ans. (c) The atomic number of lithium is 3, therefore, the radius of Li** ion in its ground state, 
on the basis of Bohr's model, will be about 3 times to that of Bohr radius. 


Therefore, the radius of lithium ion is near z = 18pm. 


Q. 2 The binding energy of a H-atom, considering an electron moving around a 
fixed nuclei (proton), is 
___ime* 
8n'e$h* 
If one decides to work in a frame of reference where the electron is at 
rest, the proton would be moving around it. By similar arguments, the 
binding energy would be 


(m = electron mass) 


Me* 


== em (M = proton mass) 
0 
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This last expression is not correct, because 
(a) n would not be integral 
(b) Bohr-quantisation applies only two electron 
(c) the frame in which the electron is at rest is not inertial 
(d) the motion of the proton would not be in circular orbits, even approximately. 


K Thinking Process 
The electron revolves uniformly around nucleus have certain centripetal acceleration 
associated with it. 


Ans. (c) When one decides to work in a frame of reference where the electron is at rest, the 
given expression is not true as it forms the non- inertial frame of reference. 


Q. 3 The simple Bohr model cannot be directly applied to calculate the energy 
levels of an atom with many electrons. This is because 
(a) of the electrons not being subject to a central force 
(b) of the electrons colliding with each other 
(c) of screening effects 
(d) the force between the nucleus and an electron will no longer be given by 
Coulomb's law 
K Thinking Process 
The electrostatic force of attraction between electron and nucleus is a central force 
which provide necessary centripetal force for circular motion of electron. 
Ans. (a) The simple Bohr model cannot be directly applied to calculate the energy levels of an 
atom with many electrons. This is because of the electrons not being subject to a 
central force. 


Q. 4For the ground state, the electron in the H-atom has an angular 
momentum = h, according to the simple Bohr model. Angular momentum 
is a vector and hence there will be infinitely many orbits with the vector 
pointing in all possible directions. In actuality, this is not true, 

(a) because Bohr model gives incorrect values of angular momentum 
(b) because only one of these would have a minimum energy 

(c) angular momentum must be in the direction of spin of electron 
(d) because electrons go around only in horizontal orbits 


K Thinking Process 


Bohr's second postulate defines these stable orbits. This postulate states that the electron 
revolves around the nucleus only in those orbits for which the angular momentum is 


h 
some integral multiple PES where h is the Planck's constant (= 6.6 x10 7 J-s). 
T 


Ans (a) In the simple Bohr model, only the magnitude of angular momentum is kept equal to 
some integral multiple of Sr where, h is Planck's constant and thus, the Bohr model 
T 


gives incorrect values of angular momentum. 
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Q.5 0, molecule consists of two oxygen atoms. In the molecule, nuclear force 
between the nuclei of the two atoms 
(a) is not important because nuclear forces are short-ranged 
b) is as important as electrostatic force for binding the two atoms 
C) cancels the repulsive electrostatic force between the nuclei 


) 
d) is not important because oxygen nucleus have equal number of neutrons and 
protons 


( 
( 
( 


K Thinking Process 


The nuclear force is much stronger than the Coulomb force acting between charges or 
the gravitational forces between masses. The nuclear binding force has to dominate over 
the Coulomb repulsive force between protons inside the nucleus. 


This happens only because the nuclear force is much stronger than the Coulomb force. 
The nuclear force between two nucleons falls rapidly to zero as their distance is more 
than a few femtometres. 


Ans. (a) In the molecules, nuclear force between the nuclei of the two atoms is not important 
because nuclear forces are short-ranged. 


Q. 6 Two H atoms in the ground state collide inelastically. The maximum 
amount by which their combined kinetic energy is reduced is 
(a) 10.20 eV (b) 20.40 eV (c) 13.6 eV (d) 27.2 eV 


K Thinking Process 


The lowest state of the atom, called the ground state, is that of the lowest energy, with 
the electron revolving in the orbit of smallest radius, the Bohr radius, a 0. The energy of 
this state (n —1) E,is 13.6 eV. 


Ans. (a) The total energy associated with the two H-atoms in the ground state collide in 
elastically 2 2 x (13.6 eV) = 27.2 ev. 


The maximum amount by which their combined kinetic energy is reduced when any 
one of them goes into first excited state after the inelastic collision. 


The total energy associated with the two H-atoms after the collision 
= (25) (13.6) = 17.0eV 
2? 


Therefore, maximum loss of their combined kinetic energy 
= 27.2- 17.02 10.2 eV 


Q. 7 A set of atoms in an excited state decays 
(a) in general to any of the states with lower energy 
(b) into a lower state only when excited by an external electric field 
(c) all together simultaneously into a lower state 
(d) to emit photons only when they collide 


K Thinking Process 
The electron of atoms in excited states can fall back to a state of lower energy, emitting a 
photon in the process. 


Ans. (a) A set of atoms in an excited state decays in general to any of the states with lower 
energy. 
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Multiple Choice Questions (More Than One Options) 


Q. 8 An ionised H-molecule consists of an electron and two protons. The 
protons are separated by a small distance of the order of angstrom. In the 
ground state. 

(a) the electron would not move in circular orbits 

(b) the energy would be (2)* times that of a H-atom 
(c) the electrons, orbit would go around the protons 
d) 


( 
K Thinking Process 


A hydrogen molecule contain two electrons and two protons whereas ionised 
H-molecule consists of an electron and two protons. 


Ans. (a, c) 
The protons are separated by a small distance of the order of angstrom. In the ground state 
the electron would not move in circular orbits the electrons, orbit would go around the 
protons. 


the molecule will soon decay in a proton and a H-atom 


Q. 9 Consider aiming a beam of free electrons towards free protons. When they 
scatter, an electron and a proton cannot combine to produce a H-atom. 
(a) Because of energy conservation 
(b) Without simultaneously releasing energy in the form of radiation 
(c) Because of momentum conservation 
(d) 
Ans. (a, b) 
When beam of free electrons is aiming towards free protons. Then, they scatter but an 


electron and a proton cannot combine to produce a H-atom because of energy 
conservation and without simultaneously releasing energy in the form of radiation. 


Because of angular momentum conservation 


Q. 10 The Bohr model for the spectra of a H-atom 
(a) will not be applicable to hydrogen in the molecular from 
(b) will not be applicable as it is for a He-atom 
(c) is valid only at room temperature 
(d) predicts continuous as well as discrete spectral lines 


K Thinking Process 


Niel's Bohr proposed a model for hydrogenic (single electron) atoms in order to explain 
the line spectra emitted by atoms, as well as the stability of atoms. 


Ans. (a, b) 
The Bohr model for the spectra of a H-atom will not be applicable to hydrogen in the 
molecular form. And also, it will not be applicable as it is for a He-atom. 
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Q. 11 The Balmer series for the H-atom can be observed 


(a) if we measure the frequencies of light emitted when an excited atom falls to the 
ground state 


(b) if we measure the frequencies of light emitted due to transitions between 
excited states and the first excited state 


(c) in any transition in a H-atom 
(d) as a sequence of frequencies with the higher frequencies getting closely packed 


K Thinking Process 


The various lines in the atomic spectra are produced when electrons jump from higher 
energy state to a lower energy state and photons are emitted. These spectral lines are 
called emission lines. 


Ans. (b, d) 
Balmer series for the H-atom can be observed if we measure the frequencies of light emitted 
due to transitions between higher excited states and the first excited state and as a 
sequence of frequencies with the higher frequencies getting closely packed. 


4 


—1 me 
Q. 12 Let E, = >> 


be the energy of the nth level of H-atom. If all the 
8egn“h 


E, — E 
H-atoms are in the ground state and radiation of frequency ery) 


falls on it, 
(a) it will not be absorbed at all 
(b) some of atoms will move to the first excited state 
(c) all atoms will be excited to then = 2 state 
(d) no atoms will make a transition to then = 3 state 
K Thinking Process 


When an atom absorbs a photon that has precisely the same energy needed by the 
electron in a lower energy state to make transitions to a higher energy state, the process 
is called absorption. 


Ans. (b, d) 
When all the H-atoms are in the ground state and radiation of frequency Co fy falls on it, 
some of atoms will move to the first excited state and no atoms will make a transition to the 
n= Sstate. 


Q. 13 The simple Bohr model is not applicable to He^ atom because 
(a) Hef is an inert gas 
(b) He* has neutrons in the nucleus 
(c) He^ has one more electron 
(d) electrons are not subject to central forces 


K Thinking Process 


Neil's Bohr proposed a model for hydrogenic (single electron) atoms in order to explain 
the line spectra emitted by atoms, as well as the stability of atoms. 


Ans. (c, d) 
The simple Bohr model is not applicable to He^ atom because He^ has one more electron 
and electrons are not subject to central forces. 
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Very Short Answer Type Questions 


Q.14 The mass of a H-atom is less than the sum of the masses of a proton and 
electron. Why is this? 


K Thinking Process 


Einstein showed that mass is another form of energy and one can convert mass-energy 
into other forms of energy, say kinetic energy and vice-versa. Einstein gave the famous 
mass-energy equivalence relation E=mč where the energy equivalent of mass m is 
related by the above equation and c is the velocity of light. 


Ans. Since, the difference in mass of a nucleus and its constituents, AM, is called the mass 
defect and is given by 


AM =[Zm, + (A - Z)m,]- M 
Also, the binding energy is given by B= mass defect (AM) x c*. 
Thus, the mass of a H-atom is 


my + m, — - where B « 13.6 eV is the binding energy. 
C 


Q. 15 Imagine removing one electron from He^ and He?. Their energy levels, as 
worked out on the basis of Bohr model will be very close. Explain why? 


K Thinking Process 
Neil's Bohr proposed a model for hydrogenic (single electron) atoms in order to explain 
the stability of atoms. 


Ans. On removing one electron from He^ and He?, the energy levels, as worked out on the basis 
of Bohr model will be very close as both the nuclei are very heavy as compared to electron 
mass.Also after removing one electron from He^ and He? atoms contain one electron and 
are hydrogen like atoms. 


Q. 16 When an electron falls from a higher energy to a lower energy level, the 
difference in the energies appears in the form of electromagnetic 
radiation. Why cannot it be emitted as other forms of energy? 


K Thinking Process 


The accelerated electron produces electric as well as magnetic field hence 
electromagnetic energy. 


Ans. The transition of an electron from a higher energy to a lower energy level can appears in 
the form of electromagnetic radiation because electrons interact only electromagnetically. 


Q. 17 Would the Bohr formula for the H-atom remain unchanged if proton had 
a charge (+ 4/3)e and electron a charge (—3/4)e, where e = 1.6 x 107°C. 
Give reasons for your answer. 


K Thinking Process 


The electrostatic force of attraction between positively charged nucleus and negatively 
charged electrons provides necessary centripetal force of revolution. Also, the magnitude 
of electrostatic force F œ q4q». 


Ans. |f proton had a charge (+4/3) e and electron a charge (-3/4)e, then the Bohr formula for the 
H-atom remain same, since the Bohr formula involves only the product of the charges 
which remain constant for given values of charges. 
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Q. 18 Consider two different hydrogen atoms. The electron in each atom is in 
an excited state. Is it possible for the electrons to have different 
energies but the same orbital angular momentum according to the Bohr 
model? 


K Thinking Process 
Bohr's postulate states that the electron revolves around the nucleus only in those orbits 


h 
for which the angular momentum is some integral multiple of where h is Planck's 


an 


79 s). Thus, the angular momentum (L) of the orbiting electron is 


constant (= 6.610 
quantised. i.e., 
nh 
l=— 
27 
Ans. According to Bohr model electrons having different energies belong to different levels 
having different values of n. So, their angular momenta will be different, as 


Le P8 ord ae 
2n 


Short Answer Type Questions 


Q. 19 Positronium is just like a H-atom with the proton replaced by the 
positively charged anti-particle of the electron (called the positron 
which is as massive as the electron). What would be the ground state 
energy of positronium? 


K Thinking Process 


The reduced mass m of two particle system of masses m, and m, is given by 
1 1 1 
r + — 


m m m 


Ans. The total energy of the electron in the stationary states of the hydrogen atom is given by 
.- mes 
an? eir? 
where signs are as usual and the m that occurs in the Bohr formula is the reduced mass of 
electron and proton. Also, the total energy of the electron in the ground state of the 
hydrogen atom is —13.6 eV.For H-atom reduced mass m,. Whereas for positronium, the 
reduced mass is 
Me 
niu. 
2 
Hence, the total energy of the electron in the ground state of the positronium atom is 


-139.6eV | 68 eV 
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Q. 20 Assume that there is no repulsive force between the electrons in an 
atom but the force between positive and negative charges is given by 
Coulomb's law as usual. Under such circumstances, calculate the ground 
state energy of a He-atom. 


K Thinking Process 
The total energy of the electron in the nth stationary states of the hydrogen. Atom of 
hydrogen like atom of atomic number Z is given by 


_ 22136 eV 


n 
"m. 


E 


Ans. For a He -nucleus with charge 2e and electrons of charge - e, the energy level in ground 
state is 
—13.6eV EP —13.6eV _ 


_ 92 
E.-2Z E 2 


54.4eV 


Thus, the ground state will have two electrons each of energy E and the total ground state 
energy would be -(4 x 13.6)eV = —54.4eV. 


Q. 21 Using Bohr model, calculate the electric current created by the electron 
when the H-atom is in the ground state. 


K Thinking Process 
; 1 
The electric current due to revolution of charge is given by i =4 -d2) =QX n where 
nis frequency. 


Ans. The electron in Hydrogen atom in ground state revolves on a circular path whose radius is 
equal to the Bohr radius (a, ). Let the velocity of electron is v. 
271a 
0 


V 


Number of revolutions per unit time = 


The electric current is given by į = T ifq charge flows in timet. Here, q =e 


The electric current is given by j = NA. 


Q. 22 Show that the first few frequencies of light that is emitted when 
electrons fall to nth level from levels higher than n, arc approximate 


harmonics (i.e., in the ratio 1: 2:3...) when n >> 1. 


K Thinking Process 
The problem is based on the explanation of spectrum of hydrogen atom. 


Ans. The frequency of any line in a series in the spectrum of hydrogen like atoms corresponding 
to the transition of electrons from (n + p)level to nth level can be expressed as a difference 
of two terms; 

[ 4 1 | 


[arp mj 
where, m=n+ p, (p=1,2, 3,..) and Ris Rydberg constant. 


Vinn = CRZ? 
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For p««n 


Von eem i (i + T s 


n 


sss 3 2p. 17 
“m = 0RZ I m mj 


[By binomial theorem (1+ x)" =1+ nxif|x|« 1] 


2 
Vn = cRZ? rm [sr p 


n n? 


Thus, the first few frequencies of light that is emitted when electrons fall to the nth level 
from levels higher than n , are approximate harmonic (/.e., in the ratio 1 : 2 : 3 ...) when 
n»» 1. 


Q. 23 What is the minimum energy that must be given to a H-atom in ground 
state so that it can emit an H, line in Balmer series? If the angular 
momentum of the system is conserved, what would be the angular 
momentum of such H, photon? 


K Thinking Process 
The third line in Balmer series in the spectrum of hydrogen atom is Hg. 
Ans. H, in Balmer series corresponds to transition n = 5to n = 2. So, the electron in ground state 
ie., from n = 1 must first be placed in state n = 5. 
Energy required for the transition from n = 2 to n = Sis given by 
=E, — E; = 13.6- 0.54= 13.06 eV 
Since, angular momentum is conserved, 


angular momentum coresponding to Hg photon = change in angular momentum of 
electron 


L; -L, =5h-2h=3h=3x1.06x 10 
= 3.18 x 10?* kg-m7s 


Long Answer Type Questions 


Q. 24 The first four spectral in the Lyman series of a H-atom are A = 1218A, 
1028A, 974.3A and 951.4A. If instead of Hydrogen, we consider 
deuterium, calculate the shift in the wavelength of these lines. 


K Thinking Process 
The reduced mass m of two particle system of masses m, and m, is given by 
1 


m m m 


Ans. The total energy of the electron in the stationary states of the hydrogen atom is given by 


me^ 


an^eoh* 


where signs are as usual and the mthat occurs in the Bohr formula is the reduced mass of 
electron and proton in hydrogen atom. 
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By Bohr’s model, 


hvy a Es, En, 
On simplifying, 
meffi 1 
" geh (nb n? 
Since, À ec 1 
u 
Thus, E NU 
u 


where y is the reduced mass. (here, u is used in place of m) 


Reduced mass for Hesy, 2 e n 2 m) 
1+ Me. M 
M 
m, 
Reduced mass for D-2yup; m, ( = m) 


m, | 1 Me J44 Me 
2M 2M 


If for hydrogen deuterium, the wavelength is Àn 


-1 
Ap _ hufi + e ) alis 1 [From Eq. (i)] 
he Àp 2M 2 x 1840 
Ap = Ay x (0.99973) 
On substituting the values, we have 
Thus, lines are 1217.7A, 1027.7À, 974.04À, 951.143À. 


Q. 25 Deutrium was discovered in 1932 by Harold Urey by measuring the small 


change in wavelength for a particular transition in !H and *H. This is 
because, the wavelength of transition depend to a certain extent on the 
nuclear mass. If nuclear motion is taken into account, then the electrons 
and nucleus revolve around their common centre of mass. 


Such a system is equivalent to a single particle with a reduced mass i, 
revolving around the nucleus at a distance equal to the electron-nucleus 
separation. Here u — m,M / (m, + M), where M is the nuclear mass and 
m, is the electronic mass. Estimate the percentage difference in 
wavelength for the 1st line of the Lyman series in !H and °H. (mass of 
!H nucleus is 1.6725 x 10 ?/ kg, mass of ^H nucleus is 3.3374 x 10? 


kg, Mass of electron = 9.109 x 10 ?! kg.) 
K Thinking Process 

The percentage difference in wavelength is given by 

A As 7A 


H H 


100 X100, where signs are as usual. 
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Ans. The total energy of the electron in the nth states of the hydrogen like atom of atomic 
number Z is given by 
2.4 
M La (=) 


Begh? Ar? 


where signs are as usual and the u that occurs in the Bohr formula is the reduced mass of 
electron and proton . 
Let uy be the reduced mass of hydrogen and up that of Deutrium. Then, the frequency of 


4 4 
Lue (71-25 x3 


the 1st Lyman line in hydrogen is hv,, 


8e5h* 4j] Beh? 4 
4 
Thus, the wavelength of the transition is A,, = : NE . The wavelength of the transition for 
€5 Wc 
4 
the same line in Deutrium is Ap = 3u 
4 8eoh*c 
ET AX =Ap - Ay 
Hence, the percentage difference is 
100 x A = Ao = M y qo = Ho HH x 100 
Ày Ay Hu 
mM m,My 
_ (m + Mp) (m, - My) x 100 
m, My 
(m, + My 
- (me + My \Mo _4] x 100 
| m, + Mp JMy | 
Since, m, << Mi << Mp i 
i+) | 
AX 499 =| Mu Mo}_ Mu | _4}x 400 
Ày Mp My|14 7 
L D 
om Yum ul Lom m _4 
-|| lu 3 ced HE qm 
H D H D 
[By binomial theorem, (1+ x)” 21-4 nxis|x|« 1] 
-miar g 100 
M, Mp 
-9.1x10%__1 td t00 
l 6725x107 3.3374 x 167 | 


= 9.1 x 107 [0.5979 — 0.2996] x 100 
=2.714 x 10°% 
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Q. 26 If a proton had a radius R and the charge was uniformly distributed, 
calculate using Bohr theory, the ground state energy of a H-atom when 
(i) R= 0.1A and(ii) R = 10A. 
K Thinking Process 


In this problem, expressions are to be derived in two cases namely for a point nucleus in 
H-atom and for an spherical nucleus of radius R 


Ans. The electrostatic force of attraction between positively charged nucleus and negatively 
charged electrons (Coulombian force) provides necessary centripetal force of revolution. 


mé e°. d 
[^ f$ ANE, 
By Bohr's postulates in ground state, we have 
mvr =h 
On solving, 
2 2 
T h 14d. "S E 1 
mip Ip ANE, A 
2 
h dT <7, =0.51A [This is Bohr's radius] 
m e 


The potential energy is given by 


2 2 
JE. E Meet 
4th } fg 2 


2 
= 1m. um! = Hs =+13.6 eV 
2 mý amis 
Now, for an spherical nucleus of radius R, 
If R < rg, same result. 


If R >> rg the electron moves inside the sphere with radius fg (r'a = new Bohr radius). 


3 
EN ; r 
Charge inside fe -e| 5. 
, _h? (Ane, | R? 
diee ape 3 
mk e rÉ 
rg =(0.51Å) R° [R =10Å] 
= 510(A)* 


rg —-(b10 ^ À < R 
Mea yee: A EE E 
2 mig 2m m 


hP Tug (0.51)? _ 3.54 
= . = 1366 =>> = 0.16 eV 
| 2 | 72 ( WETE 226 


(8 5 o serae SUSE 00) 
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Q. 27 In the Auger process, an atom makes a transition to a lower state 
without emitting a photon. The excess energy is transferred to an outer 
electron which may be ejected by the atom (This is called an Auger, 
electron). Assuming the nucleus to be massive, calculate the kinetic 
energy of an n — 4 Auger electron emitted by Chromium by absorbing the 
energy from a n = 2ton = 1 transition. 


K Thinking Process 


As the nucleus is massive, recoil momentum of the atom may be neglected and the 
entire energy of the transition may be considered transferred to the Auger electron. As 
there is a single valence electron in Cr, the energy states may be thought of as given by 
the Bohr model. 


Ans. The energy of the nth state E, = — zi where R is the Rydberg constant and Z = 24. 
n 


The energy released in a transition from 2 to 1 is AE — za - 1) = PR 


The energy required to eject a n = 4electron is E, = Z°R = 


Thus, the kinetic energy of the Auger electron is 
ke ze: Jj | 72R 
4 16) 1 


6 
151 
E d pc 13:66V 


= 5385.6eV 


2 


; ; - e 
Q. 28 The inverse square law in electrostatic is |F| = — —— —, for the force 
(4n£ 9 )r 


1 
between an electron and a proton. The 6) dependence of |F| can be 
r 


understood in quantum theory as being due to the fact that the particle 
of light (photon) is massless. If photons had a mass m,, force would be 


2 2d 
modified to |F|= 


m,c 
E | : + * etin where à — —— and 
r r h 


(^ne yr? 


h . : : 
h- = Estimate the change in the ground state energy of a H-atom if 
T 


m, were 10 ? times the mass of an electron. 


Ans. For m, = 10 times, the mass of an electron, the energy associated with it is given by 
m,c* = 10? x electron mass x c° 
«10 x 0.5 MeV 
=10° x 0.5x1.6x 10 
= 0.8x 10 7J 
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The wavelength associated with is given by 
h _ hc | 10? x3x10* 
Hye mc? 0.8 x 1077? 


= 4x 107m >> Bohr radius 


2 
|F| 2 — RE ^ lexp( n 
ANE, | r | 
where, y=} saxi mss fg 
fie 
À << Tis, Mp << 1 
ip 
Un) = e? expN) 
ANE, r 
mvr =ħ v= ae 
mr 
2 2 
Algo, mv^ |e [1,2] 
r Ane, | r | 
] 


IfA = 0; papa 
m e? 
2 2 
Lm Nm 
m  4m&, 


Since, A^! >> ry, putr = ig + 8 
a fg = íg + 5+ Alig + 8° + 26r) neglect 8° 
or O= Ag + 51+ 2X5) 


= M$(1-2Xg)- - Mg 


Since, Arg << 1 
e^ exp(-À8 - An) 
ANE, [gt 


| e Ju EIUS | 
V(r) = zeit ž) (1 iin 


= (-27.2eV) remains unchanged 


vír) = 


2 2 2 
KEsc lm lg _ h ..h 4.28 
2 2 m? 2($4-6* 25$ [^ 
= (13.6eVJ + 2275] 
e? h? 
Total energy == + — [i + 25] 


ATE 2m 
=-27.2+ 13.60 + 2% ]eV 
Change in energy = 13.6 x 2g eV = 27.2 ùp eV 
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Q. 29 The Bohr model for the H-atom relies on the Coulomb's law of 
electrostatics. Coulomb's law has not directly been verified for very short 
distances of the order of angstroms. Supposing Coulomb's law between 
two opposite charge + q4, — q, is modified to 

9192 1 
F|- cR 
IF (4m€ 9) r? ° 


€ 
- 9192 s Tee. 
4n£o REA T 


Calculate in such a case, the ground state energy of a H-atom, if E — 0.1, 
Ry = 1A. 
K Thinking Process 


The question offers hypothetical situation in dealing with the total energy of the electron 
of hydrogen atom. 


Ans. Considering the case, when r< Ry =1 A 
Lete=2 +ò 


p.885, Ro 
4ng [2*9 


where, 982 .(6x1079 x 9x10? 
ANE 


= 23.04 x 1079N m? 


The electrostatic force of attraction between positively charged nucleus and negatively 
charged electrons (Coulombian force) provides necessary centripetal force. 


2 8 

mv AR 

Sa On ee 
r mr'* 


...() 


1/2 
nh _ nhl m | [2 * 8/2 
mv m [are | 
[Applying Bohr's second postulates] 


mvr =nh-r = 


1 
2H? h-è 
Solving this for r, we get I5 -| nr | 


$ 
m ^ Ro 


where, r, is radius of nth orbit of electron. 
For n = 1and substituting the values of constant, we get 


[ g h 
em 
m ^ Rg 
"I 1.05? x 10° Jes 
i [91x 109 x 23x 10 x 1079 | 
28x10! 
=0.08nm (« 0.1nm) 


This is the radius of orbit of electron in ground state of hydrogen atom. 
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1 


5-5 
v -.Dh = na m ^ Po 
mr, nh 


Forn=1,v, ~! 2444x108 mis 
mh 


[This is the speed of electron in ground state] 
KE = zd - 9.43 x 10? J = 5.9eV 


[This is the KE of electron in ground state] 


PE till Ry 2 — A [This is the PE of electron in ground state at r = Ro] 
0 
ô i 
PE from Ry to r =+ AR? ii ue TET ARo | 1 =| 
Rop? + -1-8l 7 h, 
[This is the PE of electron in ground state at Rọ to r] 
ARB[ 4 1 |. afr a4] 


TEE Aes |7 POLSA 
a | R 1,18] 


PE 5L | 
1*8 Ry P, 

gp ARS 8] 
-o9| 7% Ro 


à oe x 10 ^[(0.8/? -1.9]) =-17.3 eV 


Total energy is (-17.34 5.9) 2 —11.4 eV 
This is the required TE of electron in ground state. 
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Multiple Choice Questions (MCQs) 


Q. 1 Suppose we consider a large number of containers each containing 
initially 10000 atoms of a radioactive material with a half life of 1 yr. 
After 1 yr, 


Ans. (c) 


(a) all the containers will have 5000 atoms of the material 

(b) all the containers will contain the same number of atoms of the material but that 
number will only be approximately 5000 

(c) the containers will in general have different numbers of the atoms of the 
material but their average will be close to 5000 

(d) none of the containers can have more than 5000 atoms 

K Thinking Process 

In2 

T= P À — decay constant. 


Radioactivity is a process due to which a radioactive material spontaneously decays. 
In half-life (t —1yr) of the material on the average half the number of atoms will decay. 
Therefore, the containers will in general have different number of atoms of the material, 
but their average will be approx 5000. 


Q. 2 The gravitational force between a H-atom and another particle of mass m 
will be given by Newton's law 


M. s 
F=G id where r is in km and 
r 


(a) M= Mproton + Melectron 


B 
(b) M= Mproton + Melectron 7 E (B 2136 eV). 
(c) M is not relate to the mass of the hydrogen atom. 
(d) M= Mproton + Melectron May = magnitude of the potential energy of 


electron in the H-atom. 
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Ans (b) Given, F = €/m 
r 


M = effective mass of hydrogen atom 
B? 
= mass of electron + mass of proton — T 


where B is BE of hydrogen atom = 13.6 eV. 


Q. 3 When a nucleus in an atom undergoes a radioactive decay, the electronic 
energy levels of the atom 
(a) do not change for any type of radioactivity 
(b) change for a and B-radioactivity but not for y-radioactivity 
(c) change for o-radioactivity but not for others 
(d) change for B-radioactivity but not for others 


Ans. (b) o-f particle carries one unit of negative charge, an o-particle carries 2units of positive 
charge and y (particle) carries no charge, therefore electronic energy levels of the 
atom charges for a and B decay, but not for y-decay. 


Q. 4 M.and M, denote the atomic masses of the parent and the daughter 
nuclei respectively in radioactive decay. The Q-value for a B decay is Q, 
and that for a B* decay is Q,. If m, denotes the mass of an electron, then 
which of the following statements is correct? 

(a) Q; = (M, - M) c? and Q, 2 IM, - M, - 2m,c? 
(b) Q, =(M, - M) c? and Q, =(M, - M,)c? 
(© Q; - (M, - M, - 2mj c? and Q, - (M, - M, + 20) c? 
(d) Q, - (M, - M, * 2m,) c? and Q, =(M, -m,-2mj c? 
Ans. (a) Let the nucleus is , X^. B* decay is represented as 
2X4 >44 e ae v Q, 
Qs «Im, GX^) - m, G4y)- mc? 
-[m, (,X")+ zm - m, (,4Y^)- (z-2) m - 2m Je 
-[mQX^)-m( ,Y^ )-2m, Jc? 
- (M, - M, -2m )c? 


2 


B decay is represented as 
= A Y o,= 
= 2X" > yA + £8 +40, 


y^ )-m Jc? 


04 = [m, GX^)- m, zt 
- [m, (, X^). zm, = m, (, 4Y^)- (z-- 1) me Jc? 
[m GX^)- m ,Y^)] c? 


2 
-(M.,-M, Jc 
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Q. 5 Tritium is an isotope of hydrogen whose nucleus triton contains 2 
neutrons and 1 proton. Free neutrons decay into p+ e + n. If one of the 
neutrons in Triton decays, it would transform into He? nucleus. This does 
not happen. This is because 

(a) Triton energy is than that of a He? nucleus 

(b) The electron created in the beta decay process cannot remain in the nucleus 

(c) both the neutons in triton have to decay simultaneously resulting in a nucleus 
with 3 protons, which is not a He? nucleus. 

(d) free neutrons decay due to external perturbations which is absent in triton 
nucleus 

K Thinking Process 


Isotopes of an element are having same atomic numbers and different mass numbers. 


Ans. (a) Tritium GH?) contains 1 proton and 2 neutrons. A neutron decays as n> P -« e * v, 
the nucleus may have 2 protons and one neutron, i.e., tritium will transform into 2He? 
(2 protons and 1 neutron). 
Triton energy is less than that of 2He? nucleus, i.e., transformation is not allowed 
energetically. 


Q. 6 Heavy stable nuclei have more neutrons than protons. This is because of 
the fact that 


(a) neutrons are heavier than protons 

(b) electrostatic force between protons are repulsive 

(c) neutrons decay into protons through beta decay 

(d) nuclear forces between neutrons are weaker than that between protons 


Ans. (b) Stable heavy nuclei have more neutrons than protons. This is because electrostatic 
force between protons is repulsive , which may reduce stability. 


Q. 7 In a nuclear reactor , moderators slow down the neutrons which come out 
in a fission process. The moderator used have light nuclei. Heavy nuclei 
will not serve the purpose, because 

(a) they will break up 

(b) elastic collision of neutrons with heavy nuclei will not slow them down 
(c) the net weight of the reactor would be unbearably high 
( 


) 
d) substances with heavy nuclei do not occur in liquid or gaseous state at room 
temperature 


K Thinking Process 


When there is an elastic collision between two bodies of same mass their velocities are 
exchanged. 


Ans. (0) According to the question, the moderator used have light nuclei (like proton). When 
protons undergo perfectly elastic collision with the neutron emitted their velocities are 
exchanged, i.e., neutrons come to rest and protons move with the velocity of neutrons. 


Heavy nuclei will not serve the purpose because elastic collisions of neutrons with 
heavy nuclei will not slow them down. 
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Multiple Choice Questions (More Than One Options) 


Q. 8 Fusion processes, like combining two deuterons to form a He nucleus are 
impossible at ordinary temperatures and pressure.The reasons for this can 
be traced to the fact 

(a) nuclear forces have short range 

(b) nuclei are positively charged 

(c) the original nuclei must be completely ionized before fusion can take place 
(d) the original nuclei must first break up before combining with each other 


Ans. (a, b) 


Fusion processes are impossible at ordinary temperatures and pressures.The reason is 
nuclei are positively charged and nuclear forces are short range strongest forces. 


Q. 9 Samples of two radioactive nuclides A and B are taken À , and A, are the 
disintegration constants of A and B respectively. In which of the following 
cases, the two samples can simultaneously have the same decay rate at 
any time? 

(a) Initial rate of decay of A is twice the initial rate of decay of B and A, = Ag 

b) Initial rate of decay of A is twice the initial rate of decay of Band’, » Ag 


( 
(c) Initial rate of decay of B is twice the initial rate of decay of A and A, > Ag 
(d) Initial rate of decay of B is same as the rate of decay of A att 22h and Ag <A, 


Ans. (b, d) 
The two samples of the two radioactive nuclides A and B can simultaneously have the 


same decay rate at any time if initial rate of decay of A is twice the initial rate of decay of B 


and A, > Ag. Also, when initial rate of decay of B is same as rate of decay of A att 2 2hand 
Àp € Àg. 


Q. 10 The variation of decay rate of two radioactive samples A and B with time 
is shown in figure. 
Which of the following statements are true? 


(a) Decay constant of A is greater than that of B, 
hence A always decays faster than B 

(b) Decay constant of B is greater than that of A but | 
its decay rate is always smaller than that of A 


dN 
(c) Decay constant of A is greater than that of B but it — gr 
does not always decay faster than B P B 
(d) Decay constant of B is smaller than that of A but A 


still its decay rate becomes equal to that of A ata 
later instant 
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Ans. (c, d) 


From the given figure, it is clear that slope of curve A is greater than that of curve B. 
So rate of decay is faster for A than that of B. 


A 


t — 


We know that EJ œ, A, at any instant of time hence we can say that A, > Ag. At point P 
shown in the diagram the two curve intersect. 
Hence at point P rate of decay for both A and B is the same. 


Very Short Answer Type Questions 


Q. 11 He} and He? nuclei have the same mass number. Do they have the same 
binding energy? 


Ans. Nuclei He$ and He? have the same mass number. He? has two proton and one neutron. 


He? has one proton and two neutron. The repulsive force between protons is missing in 
,He? so the binding energy of He? is greater than that of ,He?. 


Q. 12 Draw a graph showing the variation of decay rate with number of active 
nuclei. 


Ans. We know that, rate of decay = pu = AN 


where decay constant (A) is con 
between N and » is a straight lin 


stant for a given radioactive material. Therefore, graph 
e as shown in the diagram. 
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Q. 13 Which sample A or B shown in figure has shorter mean-life? 


aN 
at A 
B 

t p= 


Ans. From the given figure, we can say that 


REORG 
dt Ja at Jg 


= (No)a = (No)g 
Considering any instant t by drawing a line perpendicular to time axis, we find that 


(a) la) 


> Aa N, > XgNg 
e N, > Ng (rate of decay of B is slower ) 
A p> Àa 
= PST ls Average life « — 1] 
A? *B [ X] 


Q. 14 Which one of the following cannot emit radiation and why? Excited 
nucleus, excited electron. 


Ans. Excited electron cannot emit radiation because energy of electronic energy levels is in the 
range of eV and not MeV ( mega electron volt ). 


y-radiations have energy of the order of MeV. 


Q. 15 In pair annihilation, an electron and a positron destroy each other to 
produce gamma radiations. How is the momentum conserved? 
Ans. In pair annihilation, an electron and a positron destroy each other to produce 2y photons 


which move in opposite directions to conserve linear momentum. The annihilation is shown 
below ge^! + e" — 2y ray photons. 
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Short Answer Type Questions 


Q. 16 Why do stable nuclei never have more protons than neutrons? 


Ans. Because protons are positively charged and repel one another electrically. 
This repulsion becomes so great in nuclei with more than 10 protons or so, that an excess 
of neutrons which produce only attractive forces, is required for stability. 


Q. 17 Consider a radioactive nucleus A which decays to a stable nucleus C 
through the following sequence 
A> BoC 
Here B is an intermediate nuclei which is also radioactive. Considering 
that there are Ny atoms of A initially, plot the graph showing the 
variation of number of atoms of A and B versus time. 


K Thinking Process 
Based or decay law of unstable radioactive nuclei. 


Ans. Consider the situation shown in the graph. 
A 


No. of atoms —- 


> 


Time —> 


At t = 0,N, = No (maximum) while Nz = 0. As time increases, N, decreases exponentially 
and the number of atoms of B increases. They becomes (Ng) maximum and finally drop to 
zero exponentially by radioactive decay law. 


Q. 18 A piece of wood from the ruins of an ancient building was found to have 
a “C activity of 12 disintegrations per minute per gram of its carbon 
content. The ^C activity of the living wood is 16 disintegrations per 
minute per gram. How long ago did the tree, from which the wooden 


sample came, die? Given half-life of C is 5760 yr. 


K Thinking Process 
14 


Carbon dating is a technique that uses the decay of carbon —14 ( ^ C) to estimate the 
age of organic materials, such as wood and leather. 


Ans. Given, R = 12 dis/min per g, Ry — 16dis/min per g, Tua = 5760 yr 
Lett be the span of the tree . 


According to radioactive decay law, 


R=Re™ or B ole orez "a 


0 
Taking log on both the sides 
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R 16 
Atlog, e =log, 1 Mt = (loo. S x 2.303 


ks 2.303(log 4- log 3) 


A 

_ 2.303(0.6020 — 4771) x 5760 = 06931 
0.6931 Tyo 

= 2391-20 yr 


Q. 19 Are the nucleons fundamental particles, or do they consist of still 
smaller parts? One way to find out is to probe a nucleon just as 
Rutherford probed an atom. What should be the kinetic energy of an 
electron for it to be able to probe a nucleon? Assume the diameter of a 
nucleon to be approximately 10 7? m. 


K Thinking Process 
We have to use de-Broglie formula (A =h / p) to find momentum of the particle. 
Ans. Each particle (neutron and proton) present inside the nucleus is called a nucleon. 
Let A be the wavelength X —10 5m 
To detect separate parts inside a nucleon, the electron must have wavelength less than 
10 m. 
We know that 
i=" andNE BE NO 
p 
hc " 
Ener my „(ii 
9y " (ii) 
From Eq. (i) and Eq. (ii), 
hc _ 66x10™ x 3x 10° y 


kinetic energy of electron = PE = 
a 1077? x16x 10°19 


KE =10° eV 


Q. 20 A nuclide 1 is said to be the mirror isobar of nuclide 2 if Z4 =N, and 
Z, =N,.(a) What nuclide is a mirror isobar of 43 Na? (b) Which nuclide 
out of the two mirror isobars have greater binding energy and why? 

K Thinking Process 


Based on the mirror isobar concept and binding energy concept. 
Ans. (a) According to question, a nuclide 1 is said to be mirror isobar of nuclide 2, if Z} = N, and 
Z, =N,. 
Now in Na”, Z} 211N, 223- 11212 
~. Mirror isobar of ,,Na?? is 4, Mg?, for which Z, 212 = N, and N, 223-12 =11= Z, 
(b) As Mg contains even number of protons (12) against Na which has odd number of 
protons (11), therefore 2? Mg has greater binding energy than ,,Na?*. 
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Long Answer Type Questions 


Q. 21Sometimes a radioactive nucleus decays into a nucleus which itself is 
radioactive. An example is 


half-tif half-lif 
38 Sulphur — 2s , 38c 097. 35Ar (stable) 
=2.48h = 0.62 h 


Assume that we start with 1000 ?*S nuclei at time t = 0. The number of 
35 (CL is of count zero at t = 0 and will again be zero at t = œ. At what 
value of t, would the number of counts be a maximum? 
K Thinking Process 
To solve this problem concept of chain of two decays will be used. For the process, 


dN 
A — B G the law of decay is— ANg + À ANA. 
t 


Ans. Consider the chain of two decays 


"S 2.48h 4 “cı 0.62h 4 Ar 
At timet, Let 9 Shave N, (t) active nuclei and *?CI have V, (t) active nuclei. 
si =- ùN, =rate of formation of CI?9, 
Also, oe -—N, + XN, 
But N,2Nge^ 
m = MNE" — AN, (i) 


Multiplying by e^*at and rearranging 
e^t dN, + X, N;e^?fgr AN e? at 
Integrating both sides 


Než = No ezt ae 
Ao — Ay 
Since, att = 0, N, =0,C = Nod 
Ao — Ay 
hat 
Noe MM ela _ 4) (ii) 
Ao — Ay 
N, = No (^t et ) 
Ao mE 
For maximum count, aNg =0 
dt 
UNE” AN, =0 [From Eq. (i)] 
> No A2 gt [From Eq. (ii)] 
NG M 
e = Ao dy et jeh _ 4] = 0 
A, (Ay — a4) 
or e". ^» ga, M oto 
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t = [e fes no 
2 


M 


2.48-0.62 
log, 4. 2.303 x2 x 0.3010 k 7 zm 


1.86 1.86 


=0745 S 
Note Do not apply directly the formula of radioactive. Apply formulae related to chain 
decay. 


Q. 22 Deuteron is a bound state of a neutron and a proton with a binding 
energy B = 2.2 MeV. A y-ray of energy E is aimed at a deuteron nucleus 
to try to break it into a (neutron + proton) such that the n and p move 
in the direction of the incident y-ray. If E — B, show that this cannot 
happen. Hence, calculate how much bigger than B must be £ be for such 
a process to happen. 


K Thinking Process 


Apply conservation of energy as well as conservation of momentum. 


Ans. Given binding energy B=2.2 MeV 
From the energy conservation law, 
B ud 

E-B=K, +K, =% + T 
° P 2m 2m 0 

From conservation of momentum, 
Py + Pp == (i) 

C 
As E-B, Eq. (i) o + p; =0 


It only happen if p, 2 p, 20 

So, the Eq. (ii) cannot satisfied and the process cannot take place. 
Let E = B + X, where X < «B for the process to take place. 

Put value of p, from Eq. (ii) in Eq. (i), we get 


E) f 
~~ Pp 
XeAS- /,® 
2m 2m 
2E 
or 2 pj Po E omx-o 
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Using the formula of quadratic equation, we get 


2 2 
2E " 4E g E omX 
C c? c? 


Pp = 4 
For the real value pp, the discriminant is positive 
2 2 
r (E-amc 
C C 
4E? 
16mx = => 
2 2 
yo 4B [X eeBes EB] 


4mc? | 4mc? 


Q. 23 The deuteron is bound by nuclear forces just as H-atom is made up of p 
and e bound by electrostatic forces. If we consider the force between 
neutron and proton in deuteron as given in the form a coulomb 
potential but with an effective charge e 

1 e' 


ANE, r 


estimate the value of (e’/e) given that the binding energy of a deuteron 
is 2.2 MeV. 
Ans. The binding energy is H-atom 
p. me* 


-13.6ev vas fl) 
nesh? 


If proton and neutron had charge e’ each and were governed by the same electrostatic 
force, then in the above equation we would need to replace electronic mass m by the 
reduced mass m' of proton-neutron and the electronic charge e bye’. 


Here, M represents mass of a neutron/proton 
918m (e^) 


Binding energy = 
g gy Bep? 


- 2.2 MeV ali) 


Dividing Eqs. (ii) and (i), we get 

4 6 

013 (2 _2.2MeV 22x10 
e 


13.6 eV 136 
| 22 x 108 
136 x 918 


= 176.21 


$ -(7621)/ = 364. 
e 
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Q. 24 Before the neutrino hypothesis, the beta decay process was throught to 
be the transition. E 
n pte 
If this was true, show that if the neutron was at rest, the proton and 
electron would emerge with fixed energies and calculate them. 
Experimentally, the electron energy was found to have a large range. 
Ans. Before B-decay, neutron is at rest. Hence, E, = m,c?, p,-0 


p, =Pp + Pe 
Or Pp + Pe =0=9|P,|=|P.|=P 
Also, E, = (m$ c^ + pp c*)2, 


i 
244 24.232 
E,-(mbc + ppc")? 
i 
= (ré c* + ic^? 
From conservation of energy, 
1 1 
(m$ c^ + p?c^y? + = (mé c^ + pic??? =m,c* 


m,c* = 936MeV, m,c* = 938MeV, m.c* = 051MeV 
Since, the energy difference between n and p is small, pc will be small, pc « — «m;c*, while 
pc may be greater than m,c? 
242 
> m,c* +28 =m? - pc 


2msc 


To first order ^ pc ~m,c* —m,c* =938MeV - 936MeV = 2MeV 


This gives the momentum of proton or neutron. Then, 
, 


E, = (mj c* + p^c? 2-936? + 2° 


= 936 MeV 


í 
E, = (mÊ c* + p?c? y? (0.51. + 2? 
= 2.06MeV 


226 NCERT Exemplar (Class XII) Solutions 


Long Answer Type Questions 


Q. 25 The activity R of an unknown radioactive nuclide is measured at hourly 
intervals. The result found are tabulated as follows 


(i) Plot the graph of R versus t and calculate half-life from the graph. 


(ii) Plot the graph of In r3 versus t and obtain the value of half-life 
0 


from the graph. 


K Thinking Process 
Based on Decay law and half-life. 


Ans. In the table given below, we have listed values of R(MB; )and In 5) 


t(h) 4 
R(MB,) 1.56 

R 

Ro -416 


(i) When we plot the graph of R versus t, we obtain an exponential curve as shown. 
100 
90 
80 
70 
60 
sof 
40 
30 


R (MBq) —> 


From the graph we can say that activity R reduces to 50% int = OB = 40 min 
So, f,,; = 40min. 
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(ii) The adjacent figure shows the graph of In(R / Ro) versus t. 
In (R/Ro) A 


> t(h) 


-------4 N 
— ———N E Ge 


4 
| 
I 
I 
I 
l 
l 
| 
l 
l 
I 
I 
l 
I 
I 
I 
| 


Slope of this graph =- À 


from the graph, N= E a) => -105h" 
Half-life Tja = 0693 0693  goph 
X 105 


=39.6 min =40 min 


Q. 26 Nuclei with magic number of proton Z = 2, 8, 20, 28, 50, 52 and magic 
number of neutrons N= 2, 8, 20, 28, 50, 82 and 126 are found to be very 
stable. 

(i) Verify this by caculating the proton. separation energy S, for 
120 §n(Z =50) and "!sb(Z =51). 
The proton separation energy for a nuclide is the minimum energy 
required to separate the least tightly bound proton from a nucleus of 
that nuclide. It is given by 

Sp — (M, 11 nt My -Mz dc. 
Given, In =118.9058 u, !^ Sn -199.902199 u, 
121b — 120.903824 u, !H- 1.0078252 u. 


(ii) What does the existence of magic number indicate? 


Zs 


Ans. (i) The proton separation energy is given by 
Spsn 7 (Mig 70 + My — Mi20,70)C? 
=(118.9058 + 10078252 — 119.902199)c? 
-00114362c* 


Similarly Spsp 7 (Mizo zo + My — Mig zo )c? 
-(119.902199 + 10078252 — 120.903822)c* 
=0,0059912c* 

Since, Spsn > Spsp: Sn nucleus is more stable than Sb nucleus. 


(ii) The existence of magic numbers indicates that the shell structure of nucleus similar to 
the shell structure of an atom. This also explains the peaks in binding energy/nucleon 
curve. 
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Semiconductor Electronics: 
Material, Devices and 
Simple Circuit 


Multiple Choice Questions (MCQs) 


Q.1The conductivity of a semiconductor increases with increase in 
temperature, because 
(a) number density of free current carries increases 


(b) relaxation time increases 

(c) both number density of carries and relaxation time increase 

(d) number density of carries increases, relaxation time decreases but effect of 
decrease in relaxation time is much less than increase in number density 


Ans. (d) The conductivity of a semiconductor increases with increase in temperature, because 
the number density of current carries increases, relaxation time decreases but effect of 
decrease in relaxation is much less than increase in number density. 


Q. 2 In figure given below V, is the potential barrier across a p-n junction, 
when no battery is connected across the junction 


1 
2 


T 3 


Vo 


(a) 1 and 3 both correspond to forward bias of junction 

(b) 3 corresponds to forward bias of junction and 1 corresponds to reverse bias of 
junction 

(c) 1 corresponds to forward bias and 3 corresponds to reverse bias of junction 

(d) 3 and 1 both correspond to reverse bias of junction 


K Thinking Process 
Go through the working of p-n junction. 
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Ans. (b) When p-n junction is forward biased, it opposes the potential barrier junction, when 
p-n junction is reverse biased, it supports the potential barrier junction, resulting 
increase in potential barrier across the junction. 


Q. 3 In figure given below, assuming the diodes to be ideal 
(a) D, is forward biased and D, is reverse biased and hence current flows from A to B 


(b) D, is forward biased and D, is reverse biased and hence no current flows from B 
to A and vice-versa 


(c) D, and D, are both forward biased and hence current flows from A to B 


(d) D, and D, are both reverse biased and hence no current flows from A to B and 
vice-versa 


- 10V 


K Thinking Process 
Check the polarity of the diodes. 
Ans. (b) Inthe given circuit p-side of p-n function D, is connected to lower voltage and n-side of 
D, to higher voltage. 
Thus D is reverse biased. 


The p -side of p-n junction D, is at higher potential and n-side of D, is at lower potential. 
Therefore D, is forward biased. 


Hence, current flows through the junction B to A. 


Q. 4 A 220 V AC supply is connected between points A and B (figure). What will 
be the potential difference V across the capacitor? 


A 
A 
200 AC Qc 
Y 
B 
(a)220V (b) 110 V (00 V (d) 2204/2V 


K Thinking Process 
p-n junction conducts during positive half cycle only. 


Ans. (d) As p-n junction conducts during positive half cycle only, the diode connected here will 
work is positive half cycle. Potential difference across C = peak voltage of the given AC 


voltage = V, = Ving V2 = 2202 V. 
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Q. 5 Hole is 
(a 
(b 
(c 
(d 
Ans. (b) The concept of hole describes the lack of an electron at a position where one could 


exist in an atom or atomic lattice. If an electron is excited into a higher state, it leaves a 
hole in its old state. 


Thus, hole can be defined as a vacancy created when an electron leaves a covalent 
bond. 


— 


an anti-particle of electron 

a vacancy created when an electron leaves a covalent bond 
absence of free electrons 

an artificially created particle 


SS c, 


Q. 6 The output of the given circuit in figure given below, 


Vm Sin ot 


. 

a) would be zero at all times 

b) would be like a half wave rectifier with positive cycles in output 
c) would be like a half wave rectifier with negative cycles in output 
d) would be like that of a full wave rectifier 


( 
( 
( 
( 


K Thinking Process 


For positive half cycle of input AC voltage, the p-n junction is forward biased and for 
negative half cycle of input AC voltage the p-n junction is reversed biased. 


Ans. (c) Due to forward biased during positive half cycle of input AC voltage, the resistance of 

p-n junction is low. The current in the circuit is maximum. In this situation, a maximum 
potential difference will appear across resistance connected in series of circuit. This 
result into zero output voltage across p-n junction. 
Due to reverse biase during negative half cycle of AC voltage, the p-n junction is 
reverse biased. The resistance of p-n junction becomes high which will be more than 
resistance in series. That is why, there will be voltage across p-n junction with negative 
cycle in output. 


Q. 7 In the circuit shown in figure given below, if the diode forward voltage 
drop is 0.3 V, the voltage difference between A and B is 


AO AO 
y 0.2 mA Y 0.2 mA 


i 5K n i 5kQ 


Ó Ó 
(a) (b) 
(a) 1.3 V (b) 2.3 V (c) 0 (d) 0.5 V 
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Ans. (b) Consider the fig. (b) given here, suppose the potential difference between A and B. 
n -5kQandr, = 5kQ are resistance in series connection. 


Then, V — O32 [( 7) 105] x (0.2 x 103] [- V 2 ir] 
=[(5 + 5) 102] x (0.2 x 10°) 
=10x10? x 02x10? =2 

> V-2403-23V 


Q. 8 Truth table for the given circuit is 


A C 
E 

B D 
(a) A B E (D A B E (0 A B E (d A B E 
0 0 1 0 0 1 0 0 0 0 0 0 
0 1 0 0 1 0 O0 1 1] O0 1 1 
1 0 1 1 0 0 1 0 0 1 0 1 
1 1 0 1 1 0 1 1 1 1 1 0 

Ans. (c) Here, C - ABand D - A.B 


E-C «* D - (AB) (A.B) 
Explanation The truth table of this arrangement of gates can be given by 


A B A C - A.B d-A.B | E=(C+D) 
0 0 1 0 0 0 
0 1 1 0 1 1 
1 0 0 0 0 0 
1 1 0 1 0 1 


Multiple Choice Questions (More Than One Options) 


Q. 9 When an electric field is applied across a semiconductor 


(a) electrons move from lower energy level to higher energy level in the 
conduction band 


(b) electrons move from higher energy level to lower energy level in the 
conduction band 


(c) holes in the valence band move from higher energy level to lower energy level 
(d) holes in the valence band move from lower energy level to higher energy level 
K Thinking Process 
Electrons are negatively charged and its energy increases when electric fields is applied. 
Ans. (a, c) 


When electric field is applied across a semiconductor, the electrons in the conduction band 
get accelerated and acquire energy. They move from lower energy level to higher energy level. 


While the holes in valence band move from higher energy level to lower energy level, where 
they will be having more energy. 
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Q. 10 Consider an n-p-n transitor with its base-emitter junction forward biased 
and collector base junction reverse biased. Which of the following 
statements are true? 

a) Electrons crossover from emitter to collector 

b) Holes move from base to collector 

c) Electrons move from emitter to base 

d) Electrons from emitter move out of base without going to the collector. 


K Thinking Process 
Draw the figure as given in the question. 


Emitter 
junction Collector junction 
n |p| n 
ob e— | 
> o>] 
E B C 
Forward biased Reverse biased 


Ans. (a, c) 
Here emitter-base junction is forward biased /.e., the positive pole of emitter base battery is 
connected to base and its negative pole to emitter. Also, the collector base junction is 
reverse biased, i.e., the positive pole of the collector base battery is connected to collector 
and negative pole to base. 


Thus, electron move from emmiter to base and crossover from emitter to collector. 


Q. 11 Figure given below shows that transfer 

characteristics of a base biased CE transistor. Vo 
Which of the following statements are true? 

(a) At V, 2 0.4 V, transistor is in active state 

(b) At V, 21V, it can be used as an amplifier 

(c) At V, 20.5 V, it can be used as a switch turned 

off 
(d) At V, = 2.5 V, can be used as a switch turned on 0 0.6V 2V Vi 


Ans. (b, C, d) 
From the given transfer characteristics of a base biased common emitter transistor, we note 
that 
(i) when V, = 0.4 V, there is no collection current. The transistor circuit is in active state and 
is used as an amplifier. 
(ii) when V, = 1V (This is in between 0.6V to 2V), the transistor circuit is in active state and is 
used as an amplifier. 
(i) when V, 2 05 V, there is no collector current. The transistor is in cut off state. The 
transistor circuit can be used as a switch turned off. 
(iv) when V, 2 2.5 V, the collector current becomes maximum and transistor is in saturation 
state and can used as switch turned on state. 
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Q. 12 In a n-p-n transistor circuit, the collector current is 10 mA. If 95 per cent 
of the electrons emitted reach the collector, which of the following 
statements are true? 

(a) The emitter current will be 8 mA 
(b) The emitter current will be 10.53 mA 
(c) The base current will be 0.53 mA 
(d) The base current will be 2 mA 
K Thinking Process 


The collector current is the 9596 of electrons reaching the collector after emission. 


Ans. (b, c) 
Here, I, =10mA 
95 
Also, Iocmc*gI 
^ 400 ° 
- L = 109€ 100 qoo mA 
95 
Also, I, =I, - I, = 10.53- 10 = 053 mA 


Q. 13 In the depletion region of a diode 
(a) there are no mobile charges 
(b) equal number of holes and elections exist, making the region neutral 
(c) recombination of holes and electrons has taken place 
(d) immobile charged ions exist 


Ans. (a, b, d) 
The space-charge regions on both the sides of p-n junction which has immobile ions and 
entirely lacking of any charge carriers will form a region called depletion region of a diode. 
The number of ionized acceptors on the p-side equals the number of ionized donors on the 
n-side. 


Q. 14 What happens during regulation action of a Zener diode? 
(a) The current and voltage across the Zener remains fixed 
(b) The current through the series Resistance (R,) changes 
(c) The Zener resistance is constant 
(d) The resistance offered by the Zener changes 
Ans. (b, d) 
During regulation action of a Zener diode, the current through the R, changes and 


resistance offered by the Zener changes. The current through the Zener changes but the 
voltage across the Zener remains constant. 


Q. 15 To reduce the ripples in rectifier circuit with capacitor filter 
a) R, should be increased 

b) input frequency should be decreased 

c) input frequency should be increased 

d) capacitors with high capacitance should be used 


( 
( 
( 
( 
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K Thinking Process 
Ripple factor (r) of a full wave rectifier using capacitor filter is given by 
1 


r= ———_ 
4 4B RC, 
; 1 1 1 
ie, foc — => pas po 
R, E y 


Ans. (a, c, d) 
Ripple factor is inversely proportional to R, , C and v. 


Thus to reduce r, R, should be increased, input frequency v should be increased and 
capacitance C should be increased. 


Q. 16 The breakdown in a reverse biased p-n junction is more likely to occur 
due to 
(a) large velocity of the minority charge carriers if the doping concentration is small 
(b) large velocity of the minority charge carriers if the doping concentration is large 
(c) strong electric field in a depletion region if the doping concentration is small 
(d) strong electric field in the depletion region if the doping concentration is large 
Ans. (a, d) 


In reverse biasing, the minority charge carriers will be accelerated due to reverse biasing, 


which on striking with atoms cause ionization resulting secondary electrons and thus more 
number of charge carriers. 


When doping concentration is large, there will be large number of ions in the depletion 
region, which will give rise to a strong electric field. 


Very Short Answer Type Questions 


Q. 17 Why are elemental dopants for Silicon or Germanium usually chosen from 
group XIII or group XV? 


Ans. The size of the dopant atom should be such that their presence in the pure semiconductor 
does not distort the semiconductor but easily contribute the charge carriers on forming 


covalent bonds with Si or Ge atoms, which are provided by group XIII or group XV 
elements. 


Q. 18 Sn, C and Si, Ge are all group XIV elements. Yet, Sn is a conductor, C is 
an insulator while Si and Ge are semiconductors. Why? 


K Thinking Process 


The property of conduction level of any element depends on the energy gap between its 
conduction band and valence band. 
Ans. A material is a conductor if in its energy band diagram, there is no energy gap between 
conduction band and valence band. For insulator, the energy gap is large and for 
semiconductor the energy gap is moderate. 


The energy gap for Sn is 0 eV, for C is 5.4 eV, for Si is 1.1 eV and for Ge is 0.7 eV, related to 


their atomic size. Therefore Sn is a conductor, C is an insulator and Ge and Si are 
semiconductors. 
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Q. 19 Can the potential barrier across a p-n junction be measured by simply 
connecting a voltmeter across the junction? 


Ans. We cannot measure the potential barrier across a p-n junction by a voltmeter because the 
resistance of voltmeter is very high as compared to the junction resistance. 


Q. 20 Draw the output waveform across the resistor in the given figure. 


A Vo 


Input waveform at A 


Ans. As we know that the diode only works in forward biased, so the output is obtained only 
when positive input is given, so the output waveform is 


T l|] 


0 


Q. 21 The amplifiers X, Y and Z are connected in series. If the voltage gains of 
X, Y and Z are 10, 20 and 30, respectively and the input signal is 1 mV 
peak value, then what is the output signal voltage (peak value) 

(i) if DC supply voltage is 10 V? (ii) if DC supply voltage is 5 V? 
K Thinking Process 
Output signal voltage 


- = Total voltage amplification 
Input Signal voltage 


Ans. Given, Av, = 10, Av, 20, Av, = 30; 
AV, =1mV =10°V 
Output Signal Voltage (AV, ) 
Input Singal Voltage (AV,) 


Now, = Total voltage amplification 


= Av, x Av, x Av; 
=> AV, = Av, x Av, x Av, x AV, 
-10x20x30x10? 26V 
(i) If DC supply voltage is 10 V, then output is 6 V, since theoretical gain is equal to practical 
gain, i.e., output can never be greater than 6 V. 
(ii) If DC supply voltage is 5 V, i.e., V, = 5 V. Then, output peak will not exceed 5 V. 
Hence V, - 5 V. 


Q. 22 In a CE transistor amplifier, there is a current and voltage gain 
associated with the circuit. In other words there is a power gain. 
Considering power a measure of energy, does the circuit violate 
conservation of energy? 


Ans. In CE transistor amplifier, the power gain is very high. 


In this circuit, the extra power required for amplified output is obtained from DC source. 
Thus, the circuit used does not violet the law of conservation. 
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Short Answer Type Questions 
Q. 23 (i) Name the type of a diode whose characteristics are shown in figure. 
(a) and (b). 
(ii) What does the point P in fig. (a) represent? 
(iii) What does the points P and Q in fig. (b) represent? 


: A 
(LA) I 
P P 
V> | 7 V> 
(volt) 
Q 


Ans. (i) The characteristic curve (a) is of Zener diode and curve (b) is of solar cell. 

(ii) The point P in fig. (a) represents Zener break down voltage. 

(iii) In fig. (b), the point Q represents zero voltage and negative current. It means light falling 
on solar cell with atleast minimum threshold frequency gives the current in opposite 
direction to that due to a battery connected to solar cell. But for the point Q, the battery 
is short circuited. Hence represents the short circuit current. 


In fig. (b), the point P represents some positive voltage on solar cell with zero current 
through solar cell. 

It means, there is a battery connected to a solar cell which gives rise to the equal and 
opposite current to that in solar cell by virtue of light falling on it. 

As current is zero for point P, hence we say P represents open circuit voltage. 


Q. 24 Three photo diodes D,, D, and D} are made of semiconductors having 
band gaps of 2.5eV, 2eV and 3eV, respectively. Which ones will be able 
to detect light of wavelength 6000 À? 

Ans. Given, wavelength of light 4 = 6000 Å = 6000 x 10? m 


Energy of the light photon 


he 66x10?* x 3x10? 


eV - 2.06 eV 
A 6000x107? x 1.6 x 1079 


The incident radiation which is detected by the photodiode having energy should be greater 
than the band-gap. So, it is only valid for diode D,. Then, diode D, will detect this radiation. 
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Q. 25 If the resistance R, is increased (see figure), how will the readings of 
the ammeter and voltmeter change? 


Ans. Consider the circuit in fig. (b) to find the change in reading 


As we know the formula for base current, 75 — Vs — Vee 


As R; is increased, I, is decreased. 

Now, the current in ammeter is collector current I. 

I, = BI, as I, decreased I, also decreased and the reading of voltmeter and ammeter also 
decreased. 


Q. 26Two car garages have a common gate which needs to open automatically 
when a car enters either of the garages or cars enter both. Devise a 
circuit that resembles this situation using diodes for this situation. 


Ans. As car enters in the gate, any one or both are opened. 


The device is shown. 
OR gate 


2^ & d 
=P 


So, OR gate gives the desired output. 
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Q. 27 How would you set up a circuit to obtain NOT gate using a transistor? 


Ans. The NOT gate is a device which has only one input and one output i.e., A =Y means Y 
equals NOT A. 
This gate cannot be realised by using diodes. However it can be realised by making use of a 
transistor. This can be seen in the figure given below 


[9 
< 


o|] 


> 
SPEE EE ae E € — —— —— E E 
Bu) 
wW 
B 
m 
3 
N 
^N 
N 
S. 
N 
N 
l|. ——o (o) 


Here, the base B of the transistor is connected to the input A through a resistance R, and 
the emitter E is earthed. The collector is connected to 5 V battery. The output Y is the voltage 
at C w.r.t. earth. 


The resistor R, and R, are so chosen that if emitter-base junction is unbiased, the transistor 
is in cut off mode and if emitter-base junction is forward biased by 5V, the transistor is in 
saturation state. 


Q. 28 Explain why elemental semiconductor cannot be used to make visible 
LEDs. 


Ans. In elemental semiconductor, the band gap is such that the emission are in infrared region 
and not in visible region. 


Q. 29 Write the truth table for the circuit shown in figure given below. Name 
the gate that the circuit resembles. 
+5V 


Oc 
N 
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Ans. The circuit resemble AND gate. The boolean expression of this circuit is, V) = A.B i.e., Vo 
equals A AND B. The truth table of this gate is as given below 


A B V, -AB 
0 


0 0 
0 1 0 
1 0 0 
1 1 1 
Q. 30 A Zener of power rating 1 W is to be used as a voltage regulator. If Zener 


has a breakdown of 5 V and it has to regulate voltage which fluctuated 


between 3 V and 7 V, what should be the value of R, for safe operation 
(see figure)? 


Rs 
ow ? 
Unregulated Regulated 
voltage voltage 
|| I 
[e O 
Ans. Given, power = 1W 


Zener breakdown V, = 5V 
Minimum voltage Vain = 3V 
Maximum voltage Va, = 7 V 


The value of R, for safe operation R, = Wap eR. LE 100 


Zmax 


Long Answer Type Questions 


Q. 31 If each diode in figure has a forward bias resistance of 25 Q and infinite 
resistance in reverse bias, what will be the values of the currents 
L, doy I, and 1,2 
I 1250. 


L 25 Q 
G H 
5V 
Ans. Given, forward biased resistance = 25 Q 


Reverse biased resistance = co 
As the diode in branch CD is in reverse biased which having resistance infinite, 
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so I, =0 
Resistance in branch AB = 25 + 125 = 150 Q say R, 
Resistance in branch EF = 25 + 125 = 150 Q say R, 


AB is parallel to EF. 
1 1 1 1 1 2 


So, resultant resistance — = — + B H 
^ R, R, 150 150 150 
> R’=75Q 
Total resistance R = R’ + 25 =75 + 2521000 
Current J, zl. 0084 
100 
=+ + (Here I, = 0) 
So, i =1,+ 1, 
Here, the resistances R} and R, is same. 
ie., I-L 
I, =21, 
> L =% = 00 -0.025 A 
2 2 
and I, = 0.025 A 
Thus, I, 2 0.05 A, I, = 0.025 A, I, = 0 and I, = 0.025 A 


Q. 32 In the circuit shown in figure, when the input voltage of the base 
resistance is 10 V, Vg is zero and Vęg is also zero. Find the values of 
Ij, Ic and p. 


10V 


Ans. Given, voltage across Rp = 10V 
Resistance Rg = 400 kQ 
Vee = 0, V 20 Re = 3k. 
. Voltage across Rg 


Is 
Rg 
10 -6 
2o 225x10?"Az25yA 
400 x 10? 
Voltage across Rz; = 10V 
L- Voltage across Re _ 10 
* Ro 3x 10° 
= 3.33 x 10° A =3.33 mA 
p = ke 339x107 
i, 25x10° 


= 1.33 x 10? = 133 
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Q. 33 Draw the output signals C, and C, in the given combination of gates. 


B 


Be—_ 


a—T 
—E 


p^ 
So 


Dude 


Ans. First draw the truth table of C, and C,. 


Ae— 


25208 


- 


ce 
B 

0 

0 

1 

1 
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Q. 34 Consider the circuit arrangement shown in figure for studying input and 
output characteristics of n-p-n transistor in CE configuration. 
Select the values of Rọ and R, for a transistor whose Vg, = 0.7 V, so that 
the transistor is operating at point Q as shown in the characteristics (see 


figure). 

T 

Rc = 

B Er 

Q Ig=30uA 
| 4mA|------2z 
Rs Vcc 
VBE 
Vss ZZ | 
8V  Vce(V) 


Given that the input impedance of the transistor is very small and 
Vcc = Vgg = 16 V, also find the voltage gain and power gain of circuit 
making appropriate assumptions. 
Ans. Given, We = 0.7 V s = Mg 16V 
Veg = 8V (from graph) 
I, =4mA=4x108A 
Ig = 30pA = 30 x 10° A 
For the output characteristic at 0, 
Voc = Jc Rc + Væ 
Ro = Veo -We 16-8 _ 8x 1000 _ 
Ip 4x10? 4 
Using the relation, Vog = JgPig + Vac 
= Von — Voz _ 16-07 
I5 30 x 108 
=510x 10° Q 2 510kQ 


2 kQ. 


Ro _133x2 x10? — 
Re | 510x10 
Power gain = p x Voltage gain = 133 x 0.52 = 69 


Voltage gain = ß 0.52 
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Q. 35 Assuming the ideal diode, draw the output waveform for the circuit 


given in fig. (a), explain the waveform. 
R 


20 sin ot 
EE 


K Thinking Process 


An ideal diode is a diode that acts like a perfect conductor when voltage is applied 
forward biased and like a perfect insulator when voltage is applied reverse biased. 


Ans. When the input voltage is equal to or less than 5 V, diode will be revers biased. It will offer 


high resistance in comparison to resistance (R) in series. Now, diode appears in open 
circuit. The input waveform is then passed to the output terminals. The result with sin wave 
input is to dip off all positive going portion above 5 V. 


If input voltage is more than + 5 V, diode will be conducting as if forward biased offering low 
resistance in comparison to R. But there will be no voltage in output beyond 5 V as the 
voltage beyond + 5 V will appear across R. 

When input voltage is negative, there will be opposition to 5 V battery in p-n junction input 
voltage becomes more than — 5 V, the diode will be reverse biased. It will offer high 
resistance in comparison to resistance R in series. Now junction diode appears in open 
circuit. The input wave form is then passed on to the output terminals. 

The output waveform is shown here in the fig. (b) 

A Voltage 


+5V4 


Q. 36 Suppose a n-type wafer is created by doping Si crystal having 


5 x 102 atoms/m? with 1 ppm concentration of As. On the surface 
200 ppm boron is added to create 'p' region in this wafer. Considering 
n; = 1.5x 10/5 m^, (i) Calculate the densities of the charge carriers in 
the n and p regions. (ii) Comment which charge carriers would contribute 
largely for the reverse saturation current when diode is reverse biased. 


Ans. When As is implanted in Si crystal, n - type wafer is created. The number of majority carriers 


electrons due to doping of As is 


n, = Np = 5 x 8x10 


=5x 10° /m? 
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Number of minority carriers (holes) in n -type wafer is 
n? (15x10? 
ny, =— = AD 

n, 5x10 


= 045 x 10'° / m? 


When Bis implanted in Si crystal, p-type wafer is created with number of holes, 


n, =N, = TE x (5x 10) = 1x 10% In 


Minority carriers (electrons) created in p - type wafer is 
nm (t5x105y 


Mm 1x10” 


N = 


=2.25 x 107 / m 


When p-n junction is reverse biased, the minority carrier holes of n-region wafer 
(ny, = 045 x 10? /m?) would contribute more to the reverse saturation current than minority 


carrier electrons (n, = 2.25 x 10’ / m?) of p region wafer. 


Q. 37an X-OR gate has following truth table. 


: 


o — — ojx 


0 
1 
0 
1 


It is represented by following logic relation Y = A.B + A.B 
Build this gate using AND, OR and NOT gates. 
Ans. Given, the logic relation for the given truth table is 
Y=AB+ AB=Y +Y, 
when Y, = A.Band Y, = A.B 
Y, can be obtained as output of AND gate I for which one Input is of A through NOT gate and 


another input is of B. Y, can be obtained as output of AND gate Il for which one input is of A 
and other input is of B through NOT gate. 


Now Y, can be obtained as output from OR gate, where, Y, and Y, are input of OR gate. 
Thus, the given table can be obtained from the logic circuit given below 


A 
Be 
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Q. 38onsider a box with three terminals on top of it as shown in figure. 


9d T Box 


E terminals 


Own 
Oo 


L E 
(a) (b) 


245 


Three components namely, two germanium diodes and one resistor are 


connected across these three terminals in some arrangement. 


A student performs an experiment in which any two of these three 


terminals are connected in the circuit shown in figure. 


The student obtains graphs of current-voltage characteristics for 
unknown combination of components between the two terminals 


connected in the circuit. The graphs are 
(i) when A is positive and B is negative 


I 
— V 
(c) 


(ii) when A is negative and B is positive 


ý 1 
Slope 7 1000 W 
ov 
(d) 


(iii) when B is negative and C is positive 


I 
EE V 
0.7V 
(e) 
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(iv) when B is positive and C is negative 


I 
V 
0.7V 
(f 
(v) when A is positive and C is negative 
I 
V 
(9) 
(vi) when A is negative and C is positive 
I 
V 
14V 


From these graphs of current - voltage characteristic shown in fig. (c) to 

(h) determine the arrangement of components between A, B, and C. 
Ans. (a) In V-I graph of condition (i), a reverse characteristics is shown in fig. (c). Here A is 

connected to n - side of p-n junction J and Bis connected to p-side of p-n junction | with 

a resistance in series. 

(b) In V-I graph of condition (ii), a forward characteristics is shown in fig. (d), where 0.7 V is 

the knee voltage of p-n junction | 1/slope = (1/1000) Q. 

It means A is connected to n -side of p-n junction Z and 

Bis connected to p-side of p-n junction J and resistance R 

R is in series of p-n junction 7 between A and B. 


(c) In V-I graph of condition (iii), a forward characteristics is 
shown in figure (e), where 0.7 V is the knee voltage. In 
this case p-side of p-n junction Il is connected to C and C 
n -side of p-n junction II to B. B 


(d) In V-I graphs of conditions (iv), (v), (vi) also concludes 
the above connection of p-n junctions | and II along with 
a resistance R. 
Thus, the arrangement of p-n |, p-n Il and resistance R between A, B and C will be as shown 
in the figure 
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Q. 39For the transistor circuit shown in figure, evaluate V;, Rg, Rz, given 
Vcc = 12V 


A 
Ro =7.8kQ 


Vo 


20 kQ 


Ans. Consider the fig. (b) given here to solve this problem 
Ip = Ip 
Ro =7.8 kQ 
From the figure, Ic (Rc + Re) + Ve =12 
(Re+ Ro) x1x10%4+ 3212 


[As base current is very small.] 


Re+ Ro =9x10° =9KQ 
Re =9-7.8=1.2kQ 
Ve =I; x Re 
-1x10?x12x10 212V 
Voltage Vg = Ve + V =1.2+ 0.5=1.7V 


Current 7 =—Ye__ = 1^ _ = 0.085 ma 
20x10? 20x 10° 
Resistance Ry = 712-47 _108 [Given, B = 100] 
B 
= 108 kQ 
G Voc 7 12V 


A 
: Vge=0.5V 


R=200 kQ 
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Q. 4n the circuit shown in fig. (a), find the value of Rọ. 
12V 


Ans. Consider the fig. (b) to solve this question, 


Iz= +I, and f. Mg (i) 
IpRo + Vo + TeRe = Voc (ii) 
BI + Vag + Ice = Mo ...(iii) 
Ie = Ip =Blg 
Vec=12V 
G za 
I+ Ic A 
seer Re 


From Eq. (iii), 
(R + BRe)Ig = Vc - Vae 
n MES 
R * B-Re 
L0 12-05 — 115,4 
80-4 1.2x100 200 
From Eq. (ii), 
V-V. Ve -V 
R~ + R-)= CEZ BE = "cc T "CE -- T 2BI 
E Re)= = (02 3) kQ = 1.56 kQ 


Ro + Re = 156 
Ro =156-1=056kQ 


lo 
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Multiple Choice Questions (MCQs) 


Q. 1 Three waves A, B and C of frequencies 1600 kHz, 5 MHz and 60 MHz, 
respectively are to be transmitted from one place to another. Which of the 
following is the most appropriate mode of communication? 

(a) A is transmitted via space wave while B and C are transmitted via sky wave 
(b) A is transmitted via ground wave, B via sky wave and C via space wave 
(c) B and C are transmitted via ground wave while A is transmitted via sky wave 
(d) B is transmitted via ground wave while A and C are transmitted via space wave 
K Thinking Process 
Mode of communication depend on the frequencies of a wave. 
Ans. (b) Mode of communication frequency range 
Ground wave propagation — 530 kHz to 1710 kHz 
Sky wave propagation —1710 kHz to 40MHz 
Space wave propagation — 54MHz to 42 GHz 


Q. 2 A 100m long antenna is mounted on a 500m tall building. The complex 
can become a transmission tower for waves with A 
(a) ~ 400m (b) ~ 25m (c) ~ 150m (d) ~ 2400 m 
Ans. (a) Given, length of the building (I) is given by 
12 500m 
we know that, wavelength of the wave which can be transmitted by 
à ~41= 4x 100= 400m 


Q. 3A 1 kW signal is transmitted using a communication channel which 
provides attenuation at the rate of - 2dB per km. If the communication 
channel has a total length of 5 km, the power of the signal received is 


P 
[gain in dB = toio) 


1 


(a) 900 W (b) 100 W (c) 990 W (d) 1010 W 
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Ans. (b) Given, power of signal transmitted is given P = 1 kW = 1000 W 
Rate of attenuation of signal = — 2dB/km 
Length of total path 2 5 km 
Thus, gain in dB = 5 x (-2) = - 10 dB 
Also, gain indB = voi. sss tl) 
I 
Here P, is the power of the received signal. 
Putting the given values in Eq. (i), 


P 
10 = 10log| © |- — 10log| ~ 
C 


> log fi = 1 = lo gi - log10 
Fb Fb 

m F240 = 1000W =10P, 
Fb 

> R, =100 W 


Q. 4 A speech signal of 3 kHz is used to modulate a carrier signal of frequency 
1 MHz, using amplitude modulation. The frequencies of the side bands will 
be 

(a) 1.003 MHz and 0.997 MHz (b) 3001 kHz and 2997 kHz 
(c) 1003 kHz and 1000 kHz (d) 1 MHz and 0.997 MHz 


K Thinking Process 


The amplitude modulated signal consists of the carrier wave of frequency œ, with two 
additional sinusoidal waves, one of frequency (0, —0,,) and other of frequency 
(0, + @,,,). These two waves are called side bands and their frequencies are called side 


band frequency. 
Ans. (a) Given, frequency of carrier signal is œ = 1MHz 
and frequency of speech signal = 3 kHz 
= 3x 10% MHz 
= 0.003 MHz 


Now, we know that, 
Frequencies of side bands = (@, + c) 
= (1+ 0.003) 
= 1.003 MHz and 0.997 MHz 


Q. 5 A message signal of frequency W@,, is superposed on a carrier wave of 
frequency œ, to get an Amplitude Modulated Wave (AM). The frequency of 
the AM wave will be ates PON 


b —m d 
(a) Om (b) e. (c) 3 (d) 3 


K Thinking Process 
In amplitude modulation, the frequency of modulated wave is equal to the frequency of 
carrier wave. 
Ans. (b) Here, according to the question, frequency of carrier wave is @,. 
Thus the amplitude modulated wave also has frequency œ, . 
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Q. 6 I-V characteristics of four devices are shown in figure. 


V V V V 
(i) (ii) (iii) (iv) 
Identify devices that can be used for modulation 
(a) (i) and (iii) (b) only (iii) 
(c) (ii) and some regions of (iv) (d) All the devices can be used 


K Thinking Process 
A square law device is something where either current or voltage depends on the square 
of the other. 


Ans. (c) The device which follows square law is used for modulation purpose. Characteristics 
shown by (i) and (iii) corresponds to linear devices. 
Characteristics shown by (ii) corresponds to square law device. Some part of (i) also 
follow square law. 
Hence, (ii) and (iv) can be used for modulation. 


Q. 7 A male voice after modulation-transmission sounds like that of a female 
to the receiver. The problem is due to 
(a) poor selection of modulation index (selected 0 « m « 1) 
(b) poor bandwidth selection of amplifiers 
(c) poor selection of carrier frequency 
(d) loss of energy in transmission. 
K Thinking Process 
The frequency of male voice less than that of a female voice. 


Ans. (b) Here, in this question, the frequency of modulated signal received becomes more, 
which is possible with the poor bandwidth selection of amplifiers. 
This happens because bandwidth in amplitude modulation is equal to twice the 
frequency of modulating signal. 


But, the frequency of male voice is less than that of a female. 


Q. 8 A basic communication system consists of 


A. transmitter. B. information source. 
C. user of information. D. channel. 
E. receiver. 


Choose the correct sequence in which these are arranged in a basic 
communication system. 
(a) ABCDE (b) BADEC (c) BDACE (d) BEADC 


Ans. (b) ^ communication system is the set-up used in the transmission and reception of 
information from one place to another. 
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The whole system consist of several elements in a sequence. /t can be represented as 
the diagram given below 


Information 


Message Transmitted Communication Received 
: Transmitter - ] 
Signal Signal Channel Signal 

^ 
I 

—————— — ————————— 
| 
ue 

Noise 


Q. 9 Identify the mathematical expression for amplitude modulated wave 
(a) A, sin[, + KV,, (0X + $] (b) A, sinfo,t + $ + k; V,,(t)} 
(O (A, +k, V, (0) sin(,t + $) (d) A, V,,(t) sin(c,t + 6) 
K Thinking Process 
An arbitrary change in phase angle of the modulating signal is given by Q. 


Ans. (c) Consider a sinusoidal modulating signal represented by 
mt) = Am sinat sos 
where, A,, = Amplitude of modulating signal w,, = Angular frequency = 2m V,, = ov, 
Also consider a sinusoidal carrier wave represented by C (t) = A sinat ...(ii) 
Thus, modulated wave is given by 
Crt) 9 (A + Am Sinat) sino, t 
=A [t+ x sino, t) sino, t 


A 


() 


Here, -m =M 

A 
> C4 t) 2 (A, + A xp sino,,t) sino, t ..(iii) 
Now, we know that A, xu - K [wave constant] 
and sino, t = Vin [wave velocity] 


Thus, Eq. (iii) becomes 

Ct) (A + Kx V,,)sin@, t 
Now, consider a change in phase angle by then sin œt > sin(@,t + Q) 
Thus, Crt) 2 (A, + KVn) (sina, + 6) 
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Multiple Choice Questions (More Than One Options) 


Q. 10 An audio signal of 15 kHz frequency cannot be transmitted over long 
distances without modulation, because 
(a) the size of the required antenna would be at least 5 km which is not convenient 
(b) the audio signal can not be transmitted through sky waves 


(c) the size of the required antenna would be at least 20 km, which is not 
convenient 


(d) effective power transmitted would be very low, if the size of the antenna is less 
than 5 km 


K Thinking Process 


Transmission of a signal depends on three factors. These are size of antenna, medium of 
transmission and power of transmitted wave. 


Ans. (a, b, d) 
Given, frequency of the wave to be transmitted is 
Vm = 15kHz =15 x 10° Hz 


Wavelength A. = C= 


Size of the antenna required, l= : - - x E x 10°) 


=5x10°m = 5km 


The audio signals are of low frequency waves. Thus, they cannot be transmitted through sky 
waves as they are absorbed by atmosphere. 


If the size of the antenna is less than 5 km, the effective power transmission would be very 
low because of deviation from resonance wavelength of wave and antenna length. 


Q. 11Audio sine waves of 3 kHz frequency are used to amplitude modulate a 
carrier signal of 1.5 MHz. Which of the following statements are true? 
(a) The side band frequencies are 1506 kHz and 1494 kHz 
(b) The bandwidth required for amplitude modulation is 6kHz 
(c) The bandwidth required for amplitude modulation is 3 MHz 
(d) The side band frequencies are 1503 kHz and 1497 kHz 
K Thinking Process 


Here, in this question, options are giving the value of side band frequencies and band 
width of amplitude modulation. So, first of all find this quantities. 


Ans. (b, d) 
Given, Om = 3kHz 
@, = 1.5 MHz = 1500 kHz 
Now, side band frequencies 
Q, t 0, = (1500 3) 
= 1503 kHz and 1497 kHz 
Also, bandwidth 220, 22 x 3 = 6 kHz 
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Q. 12 A TV transmission tower has a height of 240 m. Signals broadcast from 
this tower will be received by LOS communication at a distance of 
(assume the radius of earth to be (6.4 x 105 m) 

(a) 100 km (b) 24 km (c) 55 km (d) 50 km 
K Thinking Process 


Range d; = [Rh 


Ans. (b,c,d) 
Given, height of tower h = 240 m 
For LOS (line of sight) communication. 
The maximum distance on earth from the transmitter upto which a signal can be received is 


given by 
d - J2Rh (i) 
Here R is the radius of the earth i.e., R = 6. 4x10 m 
Putting all these values in Eq. (i), 
we get d = J2Rh = 42 x 64 x 109 x 240 
= 554 x 10°m = 554 km 
Thus, the range of 55.4 km covers the distance 24 km, 55 km and 50 km. 


Q.. 13 The frequency response curve (figure) for the filter circuit used for 
production of AM wave should be 


Gain Gain Gain Gain 
| LLL, 
Ot On Q,- Dp, O O0, Qj On O 0, Qj On 
(i) (ii) (iii) (iv) 
(a) (i) followed by (ii) (b) (ii) followed by (i) 
(c) (iii) (d) (iv) 


Ans. (a, b, c) 
Here, for the production of amplitude modulated wave, bandwidth is given by = frequency of 
upper side band - frequency of lower side band 


= Oysg ~ Ojgg = (@ + On) - @ — On) 


Q. 14 In amplitude modulation, the modulation index m, is kept less than or 
equal to 1 because 


(a)m>1, will result in interference between carrier frequency and message 
frequency, resulting into distortion 


(b) m »1, will result in overlapping of both side bands resulting into loss of 
information 


(c) m » 1, will result in change in phase between carrier signal and message signal 


(d) m »1, indicates amplitude of message signal greater than amplitude of carrier 
signal resulting into distortion 
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Ans. (b, d) 
The modulation index (m) of amplitude modulated wave is 
. amplitude of message signal (A) 


amplitude of carrier signal (A, ) 


If m > 1, then A,, >A. 
In this situation, there will be distortion of the resulting signal of amplitude modulated wave. 
Maximum modulation frequency (m,) of A„ wave is 
m, = AVmax 
Vin (max) 
frequency deviation 
maximum frequency value of modulating wave 


If m,>1, then Avg, > v4. It means, there will be overlapping of both side bands of 
modulated wave resulting into loss of information. 


Very Short Answer Type Questions 


Q. 15 Which of the following would produce analog signals and which would 
produce digital signals? 
(a) A vibrating tuning fork 


(b) 
(c) Light pulse 
(d) Output of NAND gate 


Ans. Analog and digital signals are used to transmit information, usually through electric 
signals. In both these technologies, the information such as any audio or video is 
transformed into electric signals. 


Musical sound due to a vibrating sitar string 


The difference between analog and digital technologies is that in analog technology, 
information is translated into electric pulses of varying amplitude. In digital technology, 
translation of information is into binary formal (zero or one) where each bit is representative 
of two distinct amplitudes. 

Thus, (a) and (b) would produce analog signal and (c) and (d) would produce digital 
signals. 


Q. 16 Would sky waves be suitable for transmission of TV signals of 60 MHz 
frequency? 
Ans. A signal to be transmitted through sky waves must have a frequency range of 1710 kHz to 
40 MHz. 
But, here the frequency of TV signals are 60 MHz which is beyond the required range. 
So, sky waves will not be suitable for transmission of TV signals of 60 MHz frequency. 
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Q. 17 Two waves A and B of frequencies 2MHz and 3MHz, respectively are 
beamed in the same direction for communication via sky wave. Which 
one of these is likely to travel longer distance in the ionosphere before 
suffering total internal reflection? 

Ans. As the frequency of wave B is more than wave A, it means the refractive index of wave B is 


more than refractive index of wave A (as refractive index increases with frequency 
increases). 


For higher frequency wave (/.e., higher refractive index) the angle of refraction is less /.e., 
bending is less. So, wave B travel longer distance in the ionosphere before suffering total 
internal reflection. 


Q. 18 The maximum amplitude of an AM wave is found to be 15 V while its 
minimum amplitude is found to be 3 V. What is the modulation index? 


Ans. Let A, and A,, be the amplitudes of carrier wave and modulating wave respectively. So, 


Maximum amplitude —> Aj, = A; + Am =15V (i) 
Minimum amplitude —> Amin = A; - Aj, 23V (ii) 
Adding Eqs. (i) and (ii), we get 
2A, =18 
or A, =9V 
and Ag -15-9-6V 
TE A 6 2 
Modulating index of wave u = —™ =—=— 
a 9.3 


Q. 19 Compute the LC product of a tuned amplifier circuit required to generate 
a carrier wave of 1 MHz for amplitude modulation. 


K Thinking Process 


1 

For tuned amplifier f 2——— 

Rd 2n4LC 

Ans. Given, the frequency of carrier wave is 1 MHz. 
Formula for the frequency of tuned amplifier, 


— 2 = 1MHz 
2n4LC. 
iC = — — 
21 x10 
C2. 1 __=254x 1074s 
(2m x 109? 


Thus, the product of LC is 2.54 x 10 ^s. 


Q. 20 Why is a AM signal likely to be more noisy than a FM signal upon 
transmission through a channel? 


Ans. In case of AM, the instantaneous voltage of carrier waves is varied by the modulating wave 
voltage. So, during the transmission, nosie signals can also be added and receiver 
assumes noise a part of the modulating signal. 


In case of FM, the frequency of carrier waves is changed as the change in the instantaneous 
voltage of modulating waves. This can be done by mixing and not while the signal is 
transmitting in channel. So, noise does not affect FM signal. 
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Short Answer Type Questions 


Q. 21 Figure shows a communication system. What is the output power when 
input signal is of 1.01 mW? [gain in dB = 10 logy, (Py / P;)] 


10dB 20dB 


=) 
Input Loss 2dB km Output 


Amplifier Amplifier 


Ans. The distance travelled by the signal is 5 km 
Loss suffered in path of transmission = 2 dB/km 
So, total loss suffered in 5 km 2 — 2 x 5 2 - 10dB 
Total amplifier gain = 10 dB + 20 dB = 30 dB 


Overall gain in signal = 30 — 10 = 20 dB 


According to the question, gain in dB 2 10 log 2 


H 
P 
20= 10109107 


I 


or lOgio m 2 
i 
Here, P, = 1.01mW and F, is the output power. 
P = 10? =100 
FE 
=> P, =P. x 100 = 1.01 x 100 
or Py =101mW 


Thus, the output power is 101 mW. 


Q. 22 A TV transmission tower antenna is at a height of 20 m. How much 
service area can it cover if the receiving antenna is (i) at ground level, 
(i) at a height of 25 m? Calculate the percentage increase in area 
covered in case (ii) relative to case (i). 


Ans. Given, height of antenna h = 20m 
Radius of earth = 6.4 x 109. m 


At the ground level, 


(i) Range = V2hR = J2 x 20 x 64 x 10° 


= 16000 m = 16 km 
Area covered A = x (range)? 
= 3.14 x 16 x 16 = 803.84 km? 


(ii) At a height of H = 25m from ground level 
Range = J2hR + J2HR 


= V2 x20x 64x108 + V2 x 25x 64x 108 
216x10? 417.9 x10? 


= 33.9x 10° m 
= 33.9km 
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Area covered = x (Range)? 
= 314x 33.9 x 339 


= 3608.52 km? 


, ; Difference in area 
Percentage increase in area = ene ea x00 


Initial area 
. (3608.52 - 803.84) X 


803.84 
= 348.9% 


Thus, the percentage increase in area covered is 348.9% 


100 


Q. 23 If the whole earth is to be connected by LOS communication using space 
waves (no restriction of antenna size or tower height), what is the 
minimum number of antennas required? Calculate the tower height of 
these antennas in terms of earth's radius. 

K Thinking Process 
Range d, — ARht 


Ans. Consider the figure given below to solve this question 


Suppose the height of transmitting antenna or receiving antenna in order to cover the entire 
surface of earth through communication is h, and radius of earth is R 
Then, maximum distance 
d? 2(R* hy € (Rh 
=2(R+h,) 


d, = 2h, R + J2h,R «2. f2h,R 
8h, R=2(R + h,’ 


> 4h,R =R? + 2Rh, + hf 
> R? -2h R+h? «0 
=> (R-hf =0 
> R=h 


Since, space wave frequency is used so A < < h, ,hence only tower height is to be taken into 
consideration. In three dimensions of earth, 6 antenna towers of each of height ^, = R would 
be used to cover the entire surface of earth with communication programme. 
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Q. 24 The maximum frequency for reflection of sky waves from a certain layer 
of the ionosphere is found to be faas = 9 (Nmax), where N,,, is the 


max 


maximum electron density at that layer of the ionosphere. 


On a certain day it is observed that signals of frequencies higher than 
5 MHz are not received by reflection from the F, layer of the ionosphere 
while signals of frequencies higher than 8 MHz are not received by 
reflection from the F, layer of the ionosphere. Estimate the maximum 
electron densities of the F, and F, layers on that day. 


max x 


Ans. The maximum frequency for reflection of sky waves 
£a. = 9 (Nra)? 
where, Nnax is a maximum electron density. 
For F, layer, fna = 9 MHz 
So, 5 x 10° = 9 (N,,, )? 
Maximum electron density 


2 
Nux = (5 x 10°) = 3.086 x 10"! /m* 
For F, layer, fia, = 8MHZ 
So, 8 x 10° = 9 (Npa)? 


Maximum electron density 


N 


max 


[n 


2 
=7.9x10''/ m? 
9 


Q. 25 On radiating (sending out) and AM modulated signal, the total radiated 
power is due to energy carried by &,, 0, —@,, and 6, + @ p. Suggest 
ways to minimise cost of radiation without compromising on 
information. 

Ans. In amplitude modulated signal, only side band frequencies contain information. Thus only 

(à, + &,,) and (9, — @,,) contain information. 
Now, according to question, the total radiated power is due to energy carried by 
6,,(Q, —0,,)and (à, + Op). 
Thus to minimise the cost of radiation without compromising on information œ, can be left 
and transmitting. (@, + @m), (@ — @m) or both @, + @,,) and (m — Om). 
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Long Answer Type Questions 


Q. 26 The intensity of a light pulse travelling along a communication channel 
decreases exponentially with distance x according to the relation 
I - Ige **, where I, is the intensity at x = 0 and a is the attenuation 
constant. 


: f , In4 
(a) Show that the intensity reduces by 75 % after a distance of (=) . 
a 


(b) Attenuation of a signal can be expressed in decibel (dB) according to 


I 

the relation dB = 10 log,, (= } What is the attenuation in dB/km for 
0 

an optical fibre in which the intensity falls by 50 % over a distance of 

50 km? 


Ans. (a) Given, the intensity of a light pulse J = Ie ^ 
where, Ip is the intensity at x = 0 and ac is constant. 


ax 


According to the question, I = 25% of Ip = =? up -h 
100 4 
Using the formula mentioned in the question, 
I=Ie™ 
Ig z 
O=] ê 
à 9 
or Tigo 
4 
Taking log on both sides, we get 
Ini-in42 — ax Ine (“Ine 2 1) 
-In42- ox 
In 4 
=. 
a 


Therefore, at distance x = na the intensity is reduced to 75% of initial intensity. 
a 


(b) Leta be the attenuation in dB/km. If x is the distance travelled by signal, then 


tolg, [Lus NU 


0 
where, I, is the intensity initially. 


According to the question, I = 5096 of Ip = h and x = 50km 


Putting the value of x in Eq. (i), we get 
10log,, 2 =-ax 50 
2I, 
10 [log1—log2] = - 50a 
10 x 0.3010 
———— y A 
50 
-. The attenuation for an optical fibre 
a = 0.0602 dB/km 
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Q. 27 A 50 MHz sky wave takes 4.04 ms to reach a receiver via re-transmission 
from a satellite 600 km above Earth's surface. Assuming re-transmission 
time by satellite negligible, find the distance between source and 
receiver. If communication between the two was to be done by Line of 
Sight (LOS) method, what should size and placement of receiving and 
transmitting antenna be? 


Ans. Let the receiver is at point A and source is at B. 


A B 
E d = d > 


Velocity of waves = 3 x 10° m/s 
Time to reach a receiver = 4.04 ms = 4.04 x 10? s 
Let the height of satellite is h, = 600 km 
Radius of earth = 6400km 
Size of transmitting antenna = ^; 

Distance travelled by wave 
Time 
e os 

4.04 x 10? 
—. 8x 109 x 4.04 x 102 
2 
= 6.06 x 10° = 606 km 


We know that = Velocity of waves 


or x 


Using Phythagoras theorem, 
d? = x? — hÊ = (606)* — (600)? = 7236 
Or d = 85.06 km 
So, the distance between source and receiver = 2d 
=2 x 85.06 2 170km 
The maximum distance covered on ground from the transmitter by emitted EM waves 


d = J2Rhr 
d 2 
or — =h 
2R 
or size of antenna h, = LUE. 
2 x 6400 


= 0.565 km = 565m 
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Q. 28 An amplitude modulated wave is as shown in figure. Calculate 
(i) the percentage modulation, 
(ii) peak carrier voltage and 
(iii) peak value of information voltage 


al 


Ans. From the diagram, 


Maximum voltage Vira, = r3 = 50V 
= 20 
Minimum voltage Vi, = mc 10V 
(i) Percentage modulation, u = Vinax — Minin. y jose y 
Msg t Main 0+1 
= 40 X100 = 66.67% 
60 
(ii) Peak carrier voltage, | V, = “hex Wu 0 1 30V 
(iii) Peak value of information voltage, 
y -uy = 88:87 E 
LM D x 30 = 20V 


Q. 29 (i) Draw the plot of amplitude versus œ for an amplitude modulated were 

whose carrier wave (0) is carrying two modulating signals, o, and o, 
(0, > 0). 

(ii) Is the plot symmetrical about o, ? Comment especially about plot in 
region @ <@,. 

(iii) Extrapolate and predict the problems one can expect if more waves are 
to be modulated. 

(iv) Suggest solutions to the above problem. In the process can one 
understand another advantage of modulation in terms of bandwidth? 


Ans. (i) The plot of amplitude versus o can be shown in the figure below 
Om, + Om, 


(®m-@m,) Q-On, | Oot Om, 


Om, Om, (@o-Mm,) à Oc705, 
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(ii) From figure, we note that frequency spectrum is not symmetrical about œ, . Crowding of 
spectrum is present for o < @,. 


(iii) If more waves are to be modulated then there will be more crowding in the modulating 
signal in the region œ < @,. That will result more chances of mixing of signals. 


(iv) To accommodate more signals, we should increase bandwidth and frequenoy carrier 
waves @,. This shows that large carrier frequency enables to carry more information 
(i.e., more @,,) and the same will in turn increase bandwidth. 


Q. 30 An audio signal is modulated by a carrier wave of 20 MHz such that the 
bandwidth required for modulation is 3kHz. Could this wave be 
demodulated by a diode detector which has the values of R and C as 

(i) R 2 1kQ, C =0.01pF. 
(ii) R =10 KQ, C = 0.01uF. 
(iii) R 2 10 kQ, C = 0.1pF. 
Ans. Given, carrier wave frequency f, = 20 MHz 
= 20 x 10° Hz 


Bandwidth required for modulation is 
2f, = KHz = 3 x 10°Hz 


3 
5 fn = POE 218 10° Hz 
Demodulation by a diode is possible if the condition 1 << RC < a is satisfied 
C m 
Thus, le. Lo sgg) (i 
f 20x 10° 

and A2. 1 Hz-07x10?s (ù 

Ín 15x10? 


Now, gain through all the options of R and C one by one, we get 
(i) RC =1kQ x 0.01uF = 10°Q x (001 x 10 $F) 2 10?s 
Here, condition uj «« RC « A is satisfied. 
c m 
Hence it can be demodulated. 
(ii) RC 2 10k Q x 0.01uF — 10^ Q x10 °F 210 ^s 
Here condition 1 << RC < A is satisfied. 
b m 
Hence, it can be demodulated. 
(iii) RC 2 10K Q x tuuF = 10* Q x 10 ^F 2 10 ?s 


Here, condition ti » RC, so this cannot be demodulated. 
C 


